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LIFE HISTORY OF AN ALPHA PARTICLE 
FROM RADIUM’ 


By SIR ERNEST RUTHERFORD 


PROFESSOR OF NATURAL PHILOSOPHY, ROYAL INSTITUTION ; CAVENDISH PROFESSOR 
OF EXPERIMENTAL PHYSICS, UNIVERSITY OF CAMBRIDGE 


In this lecture I propose to discuss some of the properties of the 
high-speed @-particle which is ejected spontaneously from radio- 
active substances. This flying atomic nucleus is not only the most 
energetic projectile known to us, but it is also an agent of great 
power in probing the structure of atoms, so that an account of the 
effects produced by it is of wide scientific interest. 

It is now well established that the «-particle expelled from radio- 
active bodies is in all cases a helium atom, or, to be more precise, 
the nucleus of a helium atom of mass 4 carrying two positive 
charges of electricity. It is only when the expelled nucleus is 
stopped by its passage through matter that it captures the two 
negative electrons required to convert it into the neutral helium 
atom. It is natural to suppose that the helium nucleus, which is 
shot out at great speed from the heavy nucleus of a radioactive 
atom, formed part of its structure. For some reason, which is not 
as yet understood, occasionally one of the radioactive nuclei breaks 
up with explosive violence, ejecting the component helium nucleus 
with high velocity. It is probable that the «-particle in escaping 
from the radioactive nucleus acquires part of its great energy of 
motion in passing through the repulsive electric field surrounding 
the latter, but at present we do not know the nature of the forces 
which hold the complex nucleus together, or whether the «-particle 
is at rest or in orbital motion in the nuclear structure before insta- 
bility sets in. We know, however, that there is a very wide range 
of stability exhibited by different radioactive elements. In a sub- 


1 Address before the Royal Institution of Great Britain. 
Vol. XVIII.—22 
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stance like radium A the average life of the radioactive a; 
ejection of an 4-particle is about 4.3 minutes, for radium 


years, while in the case of a very slowly changing e] 


uranium the average life is of the order of 7,000 million . 

It is known that the o-particles from a given element ar: 
out with the same speed, but that this speed varies from ele; 
element. There is apparently a close connection between t 
ity of ejection of the a-particle and the average life of t] 
element. The shorter the average life of the element, th: 
the speed of expulsion. This interesting relation bet 
violence of the explosion and the average life of the elem 
in the majority of cases, but it is difficult at present to bi 
of its underlying meaning. Sir William Bragg long ago x 
that the «-particle travels through matter nearly in a stra 
and has a definite range of travel in a substance. This is well 
trated by the tracks of «-particles obtained by Wilson’s ex; 
method. The majority of the tracks are seen to be quit 
apart from an occasional deflection near the end of the pat 
the end of the range the photographic and ionizing effect 
a-particle apparently cease with great suddenness. On ace 
its great energy of motion, the individual «-particle can bh 
by the scintillation it produces in crystalline zine sulphide, 
effect on a photographic plate, and by special electrical m« 
while the beautiful expansion method of Wilson shows th« 
each individual «-particle through the gas. 

We are enabled, particularly by the scintillation met 
count the individual particles, and thus we have at our comn 
method of great delicacy for studying the effects produced | 
passage of «-particles through matter. In travelling throug 
the -particle passes the outer electronic structure of-a larg: 
of atoms and liberates electrons, thus giving rise to an intens: 
zation along the track. The ionization increases to a maximum ! 
the end of the path of the «-particle and then falls rapidly to 

A careful study has been made of the law of decrease of ve 
of the a-particle in passing through matter by studying the d 
tion in a magnetic field of a pencil of «particles before a 
its passage through a known thickness of matter. In most « 
experiments we employ the «particles of radium C, whic! 
range of about 7 em in air under ordinary conditions. Th 
velocity V, of these particles is known to be 19,200 kilometers 
second, and the reduction of velocity can readily be followed 
to about 0.4 V,. At this stage the emergent range of the ©] 
is less than one centimeter, and measurements are difficult 
the fact that a beam of «particles becomes heterogeneous a! 
tains particles moving with different velocities. 


} 
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For this reason the velocity of the «-particle can not be followed 
with certainty below 0.38 V,. We must bear in mind that even at 
the lowest velocity at which it is possible to detect the «-particle by 
the scintillation or photographic method, it is still moving at a high 
peed compared with the positively charged particles generated in 


an ordinary discharge tube. 

It is clear that ultimately the o-particle must be slowed down to 
such an extent that it captures electrons and becomes a neutral 
atom, but until recently no evidence of this process of capture of 
electrons had been obtained. G. H. Henderson?’ has recently added 
much to our knowledge of this subject by examining the deflection 
of -rays in a magnetic field in a very good vacuum. For the sue- 
cess of these experiments it is essential that the apparatus in which 
the deflection is observed should be exhausted to a very low pres- 
sure, corresponding to that required for a good X-ray tube. The 
reason of this will be seen later. When a narrow pencil of «-rays 
was deflected in a magnetic field two bands were observed on the 
photographie plate: one the main band, due to ordinary «-particles 
carrying two positive charges, and another midway band, which he 
supposed to consist of particles which had captured one electron, 
ie., to singly charged helium atoms. At low velocities he also ob- 
tained evidence of the existence of neutral «-particles resulting 
from the capture of two electrons by the helium nucleus. In these 
experiments Henderson employed Schumann plates, where the film 
is so thin that low velocity particles produce as much or more photo- 
graphic effect than the swifter particles. 

I have repeated these experiments by the scintillation method, 
and confirmed the deduction of Henderson. By observing the 


| ' 


























Fig. 1 
* Proc. Roy. Soc., A, cii, p. 496, 1922. 
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deflection of the midway band in an electric as well as in a ; 
field, I find there is no doubt the particles composing th 
band consist of particles of mass 4 and charge 1—i¥ 
charged helium atoms which have the same speed as t} 
charged particles comprising the main band. 

Some recent experiments have been made by me to t 
on the conditions under which the flying «-particles may 
an electron. The general arrangement of the experiment 
in Fig. 1. A fine platinum wire coated with radium B 
exposure to the emanation (radon), serves as a nearly hor 
source of @rays, since the @-particles are emitted onl 
atoms of radium C, which are too few in number to forr 
the platinum of even one molecule thick. The «rays 
source pass through a narrow slip about 0.3 mm wide and 
sereen of zine sulphide. The distribution of o-parti 
screen is determined by the scintillation method in a da 
using a microscope outside the box. The vessel cont 
source and screen is completely exhausted by means of a Ga 
mercury diffusion pump, and if necessary the residual press 
be measured by a Macleod gauge. The box is placed bet 
plane pole pieces of a large electromagnet so that th 
a-rays is bent in the direction shown in the figure. Usually 
tance between the source and screen was 16 em, with th 
way. The whole path of the rays was exposed to a near; 
magnetic field, and the deflection of the pencil of rays 
portional to the strength of the magnetic field. 
experimental conditions the pencil of ¢-rays from th¢ 
wire was bent a distance on the screen of about 15 mn 
zero position without field. The field of view of the n 
was sufficient to take in the depth of the whole pencil 
without the field. 
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Special precautions were taken to prevent contamination of the 
sereen by the escape of active matter from the wire in a low vacuum. 
It must be borne in mind that the type of wire source employed 
always introduces some heterogeneity in the beam of @-rays even 
from the uncovered source. This is due to the escape from the back 
of the wire of @-particles which are reduced in velocity in passing 
through the material. This effect is clearly manifest when the 
pencil of @-rays is deflected by a magnetic field; for in addition to 
the main band of @-rays there is always a distribution of particles 
extending beyond the main beam. The intensity of this hetero- 
geneous beam at any point is generally less than 1 per cent. of the 
main beam, and does not seriously interfere with the accuracy of 
the deductions discussed in this lecture. 

In Figs. 2 and 3 are given illustrations of the distribution of 
singly and doubly charged «-particles along the zine sulphide screen. 
Fig. 2 shows the result when a thickness of mica corresponding in 
stopping power to 3.5 em of air is placed over the source. The 
main band, due to He,, particles, is sharply defined on the high 
velocity side, but there is evidence of some heterogeneity produced 
in the beam by its passage through the mica. As we should expect, 
the midway band (He, particles) lies exactly between the zero posi- 
tion and the main band, and contains only about 1/55 of the par- 
ticles in the main beam. Fig. 3 shows the distribution when the 
thickness of mica is increased to correspond to a stopping power of 
about 6 em of air. Both the main and midway bands are no longer 
sharply defined as in the first case, but each consists of particles 
with a considerable range of velocities. The relative number of He. 
and He, , particles is about 14 for the swifter particles, but this ratio 
increases with decreasing velocity. The midway band extends and 
joins the main band where it can no longer be followed. The 
brightness of the scintillations due to He, particles falls off ob- 
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viously and continuously from A to B. At this stag 
neutral particles make their appearance. This is shown by 
band, which is not deflected by a magnetic field, but its int 
small compared with that of the midway band. Ther 
sparse distribution of faint particles between the neutral and ; 
way band, probably due in part to scattering of the «-part 
the edges of the slit and possibly in part due to recoil 
oxygen and other elements constituting the mica. The distr 
of the charged and uncharged helium particles for a st 
velocity will be seen in curves A, B, Fig. 4, which will b 

to later. It is seen that the relative number of He, to Hi 

has inereased; similarly, the relative number of neutral 

is much greater. 

We may now consider the interpretation to be placed 
observations. It is clear that the particles emerging fr 
consist of doubly charged, singly charged, and neutral part 
the relative number of these three types varies markedly 
stopping power of the mica plate. We may suppose 
a-particle in passing through the outer electron structurs 
atoms in its path occasionally removes and captures an el 
This electron falls into a stable orbit round the doubly 
helium nucleus and moves with it. 

This singly charged atom will, however, have only a lin 
for in passing through other atoms the electron is knocked 
the singly charged «-particle reverts back to the doubly « 
type. This process of removal is analogous to the ordinary 
of ionization where an electron is ejected from an atom by 
sion with an @-particle; for as a singly charged particle car 
electrons from another atom, so there is a chance that the He 
ticle should lose its attendant electron. We may thus consi 
two opposing processes are at work, one resulting in the capt 


. 
‘rom 


an electron and the other leading to its removal. F: 
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en later it will be seen that this process of capture and loss may 


git 
eat itself more than a thousand times in the flight of an 


re} 


a-particle, so that the average path travelled by an @-particle before 
capture of an electron or before loss of the captured electron is 
small compared with the total distance of travel of the particle 
before it comes to rest. It is clear from this, for a given velocity of 
a-particle, that there must be a momentary equilibrium between the 
number of He, and He,, particles such that, on the average, the 
number of captures in a given small distance is equal to the num- 


ber of losses. 

It is very convenient to suppose that for a given velocity each 
He,, particle has a mean free path 4, cm in the material before it 
captures an electron, and the He, particle a mean free path 4, em 
before it loses its attendant electron. No doubt some of the indi- 
vidual particles travel distances much shorter or longer than this 
mean distance before either capture or loss, but in considering a 
large number of particles we may suppose there is an average dis- 
tance traversed before capture or loss, to be called the mean 
ree path. 

When N, He,, particles traverse a small distance dx of a mate- 
rial the number which capture electrons is N,dz/4,. If N, He, 
particles are present the number which lose an electron is N,dx/A.,. 
But we have seen that when an equilibrium is set up, the number of 
captures in a given distance must equal the number of losses. 
Equating these two expressions, it is seen that N,/N, = ?.,/4,, or, in 
other words, the relative number of He, to He,, particles is propor- 
tional to the ratio of the mean free path for loss to that for capture. 
Since by the scintillation method the ratio N,/N, can be measured 
for any velocity, by using different thicknesses of absorber we can 
thus determine the ratio of the mean free paths for capture and 
loss for any velocity. 

The actual value of the mean free path 4, of the He, particle 
before it loses its electron can be directly determined by experiment. 
Suppose the microscope is focussed on the midway band of Fig. 2 
and the number of scintillations per minute observed in a good 
vacuum. If the pumps are shut off and a small quantity of air or 
other gas is introduced into the apparatus, the number of scintilla- 
tions is found to diminish with increasing pressure of the air until 
the band has completely disappeared. This takes place at quite « 
low pressure of air: for example, for a pressure of about 14 mm in 
the box. 

The explanation of this result is obvious. The He, particles 
which eseape from the mica occasionally collide with an atom of the 
gas in its path, and the electron which it captured in passing 





244 THE SCIENTIFIC MONTHLY 
through the mica is removed. In such a case the He. become: 
an He,, particle, and the latter is twice as easily deflected j, 
netic field as the former. Suppose the collision occurs for { 
time at the point P (Fig. 1). The particle after losing its , 
travels along a new path shown in the figure, and the part 
longer strikes the part of the screen viewed by the microseoy: 
found that the number of scintillations seen in the micros 
off according to an exponential law as the pressure of 
raised. Such a result is to be expected, and from this data 1 
age distance which the He, particle traverses before it | 
electron can be simply deduced. Certain small correct 
necessary to take into account the finite width of the band . 
lations as seen in the microscope, but we need not enter int 
at this stage. It is convenient to express the mean fre 
air of the He, particles, not as the average length of pat! 
in the rarefied gas before loss, but as the distance travers: 
same gas at standard pressure and temperature. For exa 
certain experiment the mean free path in air of the part 
found to be 12 em at a pressure of 0.040 mm; this corresp 
mean free path of 0.0063 mm at standard pressure and tem; 

In this way the mean free path in air before loss of a1 
has been measured for different velocities, and it has be 
over a considerable range that the mean free path varies dil 
the velocity of the a-particle, so that the mean free pat 
shorter as the velocity of the «particle diminishes. Sinc 
regard the loss of an electron from the singly charged partic! 
result of a process of ionization, such a relation is to be « 
and indeed, if we take into account the strong binding ot 
electron by the He,, nucleus, the mean free path for los 
same order as that calculated from considerations of th 
ions per em produced by the «-particle in air and other ga 
parisons have been made of the mean free path in air wit! 
hydrogen and helium. Its value is 4 to 5 times longer in 
and more than 5 times longer in helium. 

Now that the mean free path 4, is known, the value of ? 
ture can be deduced if the ratio N,/N, is also known. A d 
however, arises at this point. In order to measure the ratio N,/\ 
it is necessary that the active source should be covered with ! 
other solid material. Gas can not be used conveniently. 
found, however, that the ratio N,/N, was the same within th 
of error whether the 4-particles were reduced in velocity by | 
through celluloid, mica, aluminium or silver. For this purpos’ 
mica was kept the same and a very thin sheet of the substance u 
examination spread over it. The thickness of the sheet wa 
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cient to set up @ new equilibrium between the singly and doubly 
charged particles, but not sufficient to alter materially the velocity 
of the ionizing rays. 

Since the value of the ratio N,/N, suffers no appreciable change 
‘or absorbers of such different atomic weights, we may safely con- 
clude that the ratio for a hypothetical sheet of solid air would be 
the same as for mica. 

We have now all the data required to determine the values of 

and 4, corresponding to «-particles of different velocities. The 
results are given in the following table for three different velocities. 
The mean free paths are expressed in terms of millimeters of air at 
standard pressure and temperature. V,, the maximum velocity of 
the «-particles from radium C, is 1.9 >< 10° em per second. 


Velocity V in As/A1 = N:/N, Mean Free Path 2}, Mean Free Path 4d, 
terms of V, for Mica for Loss in Air for Capture in Air 


0.94 1/200 0.011 mm 22 mm 
/ 
0.76 1/67 0.0078 mm 0.52 mm 


0.47 ‘ 0.0050 mm 0.037 mm 


It has been seen that the mean free path for loss varies directly 
as the velocity, and thus only alters in a ratio of about 1 to 2 over 
the range of velocities given in the table. On the other hand, the 
ratio 4,/4, Inereases very rapidly with diminution of velocity vary- 
ing approximately as V~°. From this it follows that 4, varies as V°, 
thus decreasing by a factor of 60 or more when the velocity is 
halved. 

From these data and relations it can easily be calculated that 
the mean free path for capture should be equal to that for loss for a 
velocity about 0.3 V,, and for this speed the numbers of He, and 
He,, particles should be equal. 

The actual value of the velocity for equality of the two types in 
a special experiment was found to be 0.29 V,, in good agreement 
with the ealeulated value. It is a difficult matter to determine the 
values of 4, and 4, for velocities less than 0.3 V,, for not only are 
the seintillations weak in intensity and difficult to count with 
accuracy, but also the issuing rays are very heterogeneous and no 
longer show well-defined edges on the high velocity side. It was, 
however, noted that the ratio N,/N, rapidly increased below the 
velocity 0.3 V,. 

We have so far dealt with the equilibrium between He, and 
He,, particles. It is clear, however, that similar considerations 
apply to the equilibrium between singly charged and neutral helium 
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particles at low velocities of the «-particle. It was no‘ 


neutral particles appear prominently after the rays 
through mica of 6 em stopping power, but no doubt the 
detected for still lower stopping power. These neutral 
course, produce scintillations, but of an intensity corresp 
an «-particle of low velocity. These neutral particles probab) 
and regain an electron many times before they are stop) 
zine sulphide or other absorbing material. This effect y 
by introducing gas at low pressure into the apparatus, w 
scintillations due to the neutral particles diminished in num} 
ultimately vanished. The explanation of this is similar 
given for the disappearance of the He, band, for the n 
ticles occasionally lose an electron in passing through t! 
are then deflected away from the zero position by the mam 

It was estimated that the mean free path in air for cor 
of neutral helium particles to singly charged particles 
1/600 mm. No doubt this is an average for particles of ver 
ent velocities which may-be present in the neutral band. 

For the higher velocities we have to deal mainly wit! 
change He,, = He,. For velocities less than 0.5 V,, th 
He, = He, also comes in and becomes all-important 
less than 0.3 V,. No doubt, as Henderson has shown, at stil! 
velocities most of the He,, particles disappear and the He 
particles predominate. 

At these low velocities counting scintillations becor 
difficult and uncertain, and the photographic method, as 
Henderson, is preferable. It will be a matter of very great 
to examine whether the relative numbers of the three ty; 
ticles alter when the @-particles are slowed down by passag 
different materials. This side of the work is being attack 
Henderson in the University of Saskatchewan. 

There is one very interesting point that may be consider 
It has been shown that these singly and doubly charged «-} 
are always present after the o-rays have passed throug! 
other absorber; but are there any singly charged particles p 
when @-particles escape from a wire coated with an infinite! 
deposit of active matter? This was first tested for a platinun 
coated with a deposit of radium B + C by exposure to the ra 
emanation, when it was found that singly charged helium 
were present in about the equilibrium ratio for this velocit) 
was a rather surprising observation, but it was thought it 
result from the fact that by the recoil from radium A the radiun 
particles penetrate some distance into the material of th 
Under these conditions many of the «-particles expelled 
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sadium C have to pass through a small but appreciable thickness of 
ia ° . 

matter before eseape from the wire, and might thus capture elec- 
This explanation seemed unlikely because the average dis- 


penetrated by the recoil atom is only a minute fraction of the 


trons. 


svi 2) 
tance 


mean free path for capture at such high velocities of the «-particle. 
The experiment was tried with a nickel wire on which radium C had 
been deposited on the surface by the well-known method of dipping 
the wire in a hot solution of radium C. In this case the difficulty 
due to recoil is absent, but the number ‘of singly charged particles 


was the same as before. 

It is very significant that the relative number of singly and 
doubly charged particles is about the equilibrium ratio to be ex- 
nected when the wire, after being activated, is coated with an 
appreciable thickness of copper or other material. We can scarcely 
suppose that singly as well as doubly charged particles are actually 
liberated from the radioactive nucleus itself, for even if it be sup- 
posed that an a-particle with an attendant electron is expelled, the 
electron must be removed in escaping through the very powerful 
electric field close to the nucleus. It is much more probable that 
the doubly charged «-particle in passing through the dense distribu- 
tion of electrons surrounding the radioactive nucleus occasionally 
captures an electron, and that the process of capture and loss goes 
on to some extent in escaping from the radioactive atom. This 
seems at first sight rather unlikely when we consider the relatively 
large number of atoms an @-particle ordinarily passes through before 
equilibrium between capture and loss is established, but it is well 
known that the chance of effective electronic collisions appears in 
general to be greater for a charged particle expelled from the cen- 
tral nucleus than for a similar particle passing from outside 
through the electronic distribution of an atom. It may be that 
those electrons the orbital motion of which round the nucleus is 
comparable with the speed of the a-particle are particularly ef- 
fective in causing capture or loss. 

So far we have dealt mainly with the distribution in a magnetic 
field of the particles in a vacuum after their escape from a mica 
surface. Some very interesting points arise when the distribution 
is examined in the presence of sufficient gas to cause a rapid inter- 
change of capture and loss along the path of the «@-particle in the 
gas. This is best illustrated by a diagram, Fig. 4, in which the 
results are given for «-particles escaping through mica with a 
maximum emergent range of about 4 or 5 millimeters in air. 
Curves A and B give approximately to seale the distribution of He, 
and He,, particles in a vacuum, while C gives the relative number 
of neutral particles under the experimental conditions. Suppose 
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now sufficient air is introduced into the vessel to cause pn 
tures along the gas, but yet not enough to reduce se; 
velocity of the «particles. The first salient fact to notice 
distributions A, B, C vanish and there remains a dist) 
particles (curve D) about midway between A and B. 1 
narrower than either A or C, and its height at the maxin 
greater than either. It is evident that the particles hay 


pressed into a band of much narrower width than the n 


tribution in curve B. 

This is exactly what we should expect to happen. 
particles present suffer less capture than the slow ; consi 
average charge of the swifter o-particles along the gas 
2e, and their deflection is less than the swiftest particles 
eurve B. On the other hand, the slower «particles have ; 
charge nearer le than 2e, and are relatively still less d 
the swifter particles. It is thus clear that the resulting d 
of particles with air inside the vessel will be concentrated 
much narrower width than the main band of He,, particles 
calculation based on the laws of capture and loss, the wi 
band under the experimental conditions can be deduce 
found to be in good accord with experiment. It will bé: 
significant that similar results have been observed 
under corresponding conditions. 


GENERAL DISCUSSION OF RESULTS 


Attention may now be devoted to a consideration of 
so far obtained and the possibility of their explanation 
views. In the first place, it is important to emphasiz 
number of capture and losses that occur during the fi 
a-particle from radium C. While the mean free pat 
a-particle from radium C of 7 em range is about 3 mm 
value rapidly decreases with lowering of the velocit; 
a-particle, and is probably about 0.0015 mm for a velocit) 
It is not difficult to caleulate that not far short of a thousa: 
changes of charge occur during the path in air of a sing! 
between velocities V, and 0.3 V,. While the data so far obt 
not allow us to caleulate the number of interchanges of c! 
occur between velocities 0.3 V, and 0, it seems probabl 
number is considerably greater than a thousand. We hav 
pointed out that for low velocities the interchange H 
predominates. When we consider the rapidity of inter 
charges of the @-particle at average velocities, it seems clear t 
can not expect to observe any appreciable difference in p 
penetration between a beam of rays of the same velocity 
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sonsisting initially of singly or doubly charged particles. It is clear 
shat a singly charged particle after penetrating a short distance is 
onverted into a doubly charged particle, and vice versa, and that 
the effects due to the two beams should be indistinguishable. 
Henderson tried such absorption experiments, using the photo- 
graphie method, but with indefinite results. 

When an @particle captures an electron, the latter presumably 
falls into the same orbit round the helium nucleus as that which 
characterizes an ionized helium atom, i.e., an atom which has lost 
one electron. When the ¢-particle with its attendant electron passes 
swiftly through the atoms of the gas in its path, it will not only 
ionize the gas but will also occasionally be itself ionized, i.e., will 
lose its attendant electron. When we take into account the strong 
binding of the first electron to the helium nucleus—ionization 
notential about 54 volts—the mean free path for loss of the cap- 
tured electrons in air is of the right order of magnitude to be 


expected from considerations based on the ionization by the 


a-particle per unit path in air. While we can thus offer a quanti- 
tative explanation of. the mean free path for loss observed experi- 
mentally, the inverse problem of the capture of an electron by the 
flying «particle presents very great difficulties. 

In the actual ease, the @-particle is shot at high speed through 
gas molecules which for all practical purposes may be supposed to 
be at rest. For convenience of discussion, however, it is preferable 
to make an equivalent assumption, namely, that the a-particle is at 
rest and the gas molecules stream by it with a velocity equal and 
opposite to that of the a-particle. Now the maximum velocity of an 
a-particle from radium C is equivalent to that gained by an electron 
in falling freely between a difference of potential of about 1000 
volts; so that the electrons comprising the molecules of air or other 
gas have a velocity of translation numerically equal to this. For 
brevity, it is very convenient to speak of this velocity or energy as 
that due to a ‘‘1000-volt’’ electron. 

When the electrons in an atom pass close to the «particle, one 
of them may be removed from the parent atom by the collision, 
energy being required for this process. The ionization potential for 
oxygen or nitrogen is about 17 volts, which is a very small quantity 
compared with the energy of translation of a 1000-volt electron. 

If we consider the forces involved between an «@-particle and 
moving electron as of the ordinary electrostatic type, the electron 
will deseribe a hyperbolic orbit round the nucleus, the angle of 
deflection of the path of the electron resulting from the collision 
depending on the nearness of the approach of the electron to the 
nucleus. On ordinary dynamics, the electron will never be captured 
in such a collision if there is no loss of energy by radiation. If 
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capture for some reason results from the collision, it means : 
amount of energy corresponding to at least a 1000-volt electy 
in some way been got rid of. This loss of energy may be sy 
to be due to some interaction between the @-particle and eo]! 
nucleus with its attendant electrons, or to the loss of enero 
radiation during the collision. The first supposition seems 
sight plausible, for we know that the innermost electrons ; 

or nitrogen are strongly bound and require energy of the or 
500 volts to remove them from the atom. But there is on 
strong and, it seems to me, insuperable objection to this view. 

I have found that the deflection in a magnetic field of 
of «particles passing through a suitable pressure of hyd: 
similar to that shown in curve D, Fig. 4, for air. This s| 
the @particle passing through hydrogen captures elect 
energy about 120 volts to about the same degree as in air. N 
know that the electrons in the hydrogen atom or molecule ar 
bound, and an energy of not more than a 30-volt electron, suit 
applied, would entirely separate the component nuclei and e! 
in the hydrogen molecule. In the case of hydrogen, ther 
can not hope to account for the requisite loss of energy, w 
the experiment considered is about 100 volts. If these experi: 
with hydrogen are correct, and are valid for all velocities « 
a-particle, we are driven to conclude either that some unk 
factors are involved in the capture, or that the loss of energy 
electron must be ascribed to radiation. In such a case capt 
an electron may be regarded as the converse of the photo-el 
effect, where radiation falls on matter and swift elect: 
ejected from the matter. In the case under consideration 
electrons are shot towards a charged nucleus and an occasion 
tron is captured with the emission of energy in the form o! 
tion. On such an hypothesis the radiation of energy 
a-particle passing through a gas due to the frequency of capt 
very great, amounting to about 3 per cent. of the total en 
the a-particle. This seems to be an unexpectedly large amount 
can not be ruled out as impossible in the present state 
knowledge. 

In the discussion of this very thorny question, I hav 
myself mainly to the case of capture by the swift «partici 
the difficulties of explanation are much greater than for cap! 
slower velocities. Our information is at present too incomp! 
give a decisive answer, but there seems to be no doubt 
unexpected frequency of capture of electrons by swift ©] 
raises many new and interesting questions of the nature of t 
esses that can occur in collisions between electrons and matte! 

I need scarcely say that the phenomena of capture and | 
not confined to the «-particle, but are shown by all charged at 
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avift motion through a gas, and were long ago observed in the case 
of positive rays. On account, however, of the high velocity of the 
sparticles and the ease of their individual detection, the process of 
eapture and loss ean be studied quantitatively under simpler and 
re definite conditions than in the case of the electric discharge 


mo 
through a gas at low pressure. 

On this occasion I have devoted my attention to the most recent 
sdditions to our knowledge of the life history of the «-particle. 
This knowledge has been obtained from the study of the rapid inter- 
change of charges when an @-particle passes through matter. I have 
only incidentally referred to the numerous collisions with electrons 
along the track of the «-particle which result in dense ionization. 
[have omitted any consideration of those rare but interesting 
encounters in which an @-particle is deflected through a large angle 
by a close collision with a nucleus. I have omitted, too, the still 
rarer encounters that may result in a disintegration of an atomic 
nucleus like that of nitrogen or of aluminium. We have seen that 
an @-particle has an interesting history. Usually it is retained as an 
integral and orderly part of a radioactive nucleus for an interval of 
more than a thousand million years. Then follows a cataclysm in 
the radioactive nucleus; the @-particle gains its freedom and lives 
an independent life of about one hundred millionth of a second, 
during which all the incidents referred to in this lecture occur. 

If we are dealing with a dense and compact uranium or thorium 
mineral, the «-particle after acquiring two electrons and becoming a 
neutral helium atom may be imprisoned in the mineral as long as 
the mineral exists. The occluded helium can be released from the 
nineral by the action of high temperature, and after removal of all 
other gases can be made to show its presence by the characteristic 
brilliant luminosity under the stimulus of the electric discharge. In 
the cireumstances of such an experiment only small quantities of 
helium are liberated. Large quantities of helium, sufficient to fill a 
large airship, have, however, been isolated from the natural gases 
which eseape so freely from the earth in various parts of Canada 
and the United States. It is a striking fact that every single atom 
of this material has in all probability had the life history here 
described. 


ADDENDUM® 
It may be of interest to give here a brief review of some addi- 
tional facts in connection with the «-particle, brought to light in 
recent years. It has long been known that «-particles, although 
projected from the source at the same speed, travel unequal dis- 


*This did not form part of the discourse, but it may usefully supplement 
one or two of the points surveyed in the lecture. 
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tances through a gas. For example, the maximum dis! 
elled by the «particles from radium C in air is 7.04 em a} 
and 15° C., the minimum distance is about 6.4 em, and 
distance about 6.8 cm. Some ‘‘straggling’’ of the 
be anticipated on general grounds, since the «pai 
energy mainly in liberating electrons from the atoms 
its path. On the laws of probability one o-particle may 
atoms and liberate more electrons than anothe1 
energy at a faster rate. The amount of straggling obser, 
ever, much greater than can be accounted for in this 
occasional large deflections of the «-particles due to nucl 
are so rare, except near the end of the range, that the) 
ously influence the final distribution. 


; 


Henderson has suggested that the property of an 
capturing and losing electrons will introduce a new 


ing straggling. No doubt this is the case, but the 1 
and loss observed appear to be too rapid to account entir 
discrepancy between theory and experiment. Another 
suggestion has been made by Kapitza to account for th 
of this straggling. From the experiments of Chadwic! 
on the collision between @-particles and hydrogen nucl 
deduced that the «particle or helium nucleus has an 
field of foree around it. This asymmetry of the elect: 
become small at the distance of the orbits of the elect 
neutral helium atom, but may be sufficient to fix th: 
orbit of an electron relative to the axis of the helium 
Suppose that the a-particles liberated from a radioa 
have their axis orientated at random, and that the dir 
axis of each individual particle remains unchang: 
motion. In some cases, for example, the captured elect 
scribe an orbit of which the plane is nearly in the dir 
motion of the @-particle; in other cases nearly perpendi 
It is to be expected, however, that the chance of losing t! 
electron by collision will be greater in one case than 
in other words, the mean free path of the singly < ehe 
before loss of its electron will be different in the two cas 
On this view it is to be anticipated that one group of ¢ 
will lose energy faster than the other, and the ranges will | 
ent. In order to test whether o-particles show the 
ferences to be expected on this theory, Kapitza has pho 
the Cavendish Laboratory the tracks of a number of ¢-p 
the Wilson expansion method, using a strong magnetic field 
70,000 Gauss, produced by a momentary current of grea 
The magnetic field was sufficiently strong to cause a mark 
ing of the track of the «-particle. It was found that the « 
of the tracks at equal distances from the ends showed m 


? 
i 


+ 
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‘ne ofore any definite decision can be reached a large number 
tions. el r . 


of tracks obtained in this way must be carefully measured up and 
allowance made for the sudden bends which occur due to a nuclear 
collision with the atoms of nitrogen or oxygen. The frequency of 
these bends near the end of the range complicates the interpretation 


of the apparent curvature which is measured. The experiments, 
which are still in progress, are difficult and require great technical 
skill. and it will be a matter of much interest if any definite 
asymmetry in the orbits of the singly charged «-particles can be 


established by this or other methods. If such an asymmetry exists, 
‘t must influence to a small extent the arrangement of the two elec- 
trons round the helium nucleus and possibly their spectrum. 

During the past two years Blackett, in the Cavendish Labora- 
tory, has made a careful examination of the frequency of occurrence 
if sharp bends or forks in the tracks of «-particles near the end of 
their range in air and other gases. For this purpose a simple form 
of Wilson expansion chamber, of the type designed by Shimizu, has 
been used, and each track has been photographed in two directions 
at right angles to each other to fix the angle of the forks in space. 
A large number of photographs have been taken, and the frequency 
of the forks has been examined in different gases, particularly in the 
last centimeter of the range of the @-particle. Assuming that these 
forks arise from nuclear collisions, it is possible to deduce from the 
experimenta] data the variation of velocity of the «-particle near 
the end of its range. It is known from the work of Geiger and 
Marsden that the maximum velocity v of the a-particles of emer- 
gent range R is given by v* « R, when R is not less than one 
centimeter. Blackett finds that this relation between velocity and 
range no longer holds near the end of the track, bui !; replaced by a 
relation of the form v?-° « R. 

In the course of these experiments a number of well-defined 
forks have been photographed in hydrogen, helium, air and argon 
by Blackett, and also by Auger and Perrin in Paris. By measuring 
the angles between the original direction of the «particle and the 
direction of the colliding particles after collision, the accuracy of 
the laws of impact can be directly tested. The results are found, 
within experimental error, to be in agreement with the view that the 
impacts are perfectly elastic, and that the conservation of energy 
and of momentum hold in these nuclear collisions. Conversely, by 
assuming that the impacts are perfectly elastic, it is possible to 
deduce the mass of the recoil atom in terms of the «particle of 
mass 4.00. For example, a fork in helium gave the mass of the 
recoil atom 4.03, and a fork in hydrogen gave the mass of the recoil 
atom 1.024. In a collision between the «-particle and a helium 
nucleus the angle between the forks should be exactly a right angle; 


the value measured was 89° 45’. 
Vol. XVIIT.—23 
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ONE EMBRYO FROM TWO EGGs' 


By Professor T. H. MORGAN 


COLUMBIA UNIVERSITY 


Eaas are occasionally found that are twice as large as th. 
eggs of the species. They are supposed to arise from the y 
two eggs. They develop into embryos that are twice as |} 


ce 


normal embryos. The origin of these ‘‘giant eggs’’ is of ; 


interest to embryologists, and their occurrence has led to ; 


attempts to unite two eggs by artificial means. 

The inclusion of two yolks in a single shell that is 1 
quently observed in hens’ ‘‘eggs’’ is quite a different affair 
**double eggs’’ of the hen are only two eggs (yolks) that | 
set free from the ovary at the same time, and have become e 
in a common albumen and shell. They give rise to two em| 
but these are not united, and both die, as a rule, before | 
although occasionally one of them—the one nearer the larg 
the egg—may survive because it is so placed that this chic 
make use of the air in the air chamber at the large end of t 
during the final stages of development. 

Fusion of two blastulas of sea urchins has also been obser 
and even experimentally brought about. The results are less 
structive than when the union has taken place before devel 
begins, but the facts are interesting in so far as they furnis 
dence as to what extent readjustments can take place after t 
velopment has already been carried forward to the blastula st 
In point of time, moreover, these cases were the ones first re 
An account of these fused embryos will be given elsewhere 

The artificial union of parts of amphibian embryos will : 
considered at another time in connection with experiments re! 
to grafting, since in most of these cases the development | 
gressed so far that the problem of readjustment involves littl 
than the actual union of the cut surfaces that are brought t 


1 Chapters from ‘‘ Experimental Embryology,’’ IV. 

2 The earliest account of the union of two embryos into n 
forms is that of Lacaze Duthier, in 1875. He observed suc! 
embryos of the molluse, Philine aptera. Metchnikoff, in 1586 
fusion of two or three blastulas of the hydrozoon Mitroco 
(’95) states that the eggs in the body cavity of an annelid Op! 
sometimes fused. The union of the blastula stages of the sea ' 
by Morgan (’95), Driesch (00), Bierens de Haan (713) and ‘ 


will be considered in another connection. 
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In Triton, however, Spemann (716, ’18) has sueceeded in grafting 
nieces of blastula stages together, and has succeeded in incorpo- 
-ating a piece of one embryo into another, even when the two belong 
+) different species. These results will also be described in con- 
nection with grafting experiments on embryos. 

In general it may be said that the results obtained from fused 
eggs or embryos have not solved any of the larger problems of de- 
velopment, but the results have been useful in studying special 
problems and have broadened our ideas concerning some of the 
possibilities of regulation between two systems each alone adjusted 
to produce only a single individual. 


Dous_Le Ecos or Sea-URCHINS 

The development of giant eggs of sea-urchins has been studied 
by Boveri (’01, ’14), Herbst (14) and Bierens de Haan (’13 
Such eggs (Fig. 2, b) furnish an opportunity to study experi- 
mentally an important problem, namely, the relative influence of 
chromatin and protoplasm in the development of hybrid larvae. The 
giant eggs of the sea-urchin have, as a rule, a single nucleus whose 
surface is twice that of the surface of the nucleus of the normal egg. 
Twice the normal number of chromosomes are present. The origin 
of these eggs is unknown. It has been suggested that they may 
arise from 2 failure of the protoplasm of a young germ-cell to divide 
at a time when its chromosomes divide, or that they arise from the 
fusion of two germ-cells with subsequent fusion of their nuclei. <A 
double cell, formed in either of these ways, would, it is assumed, 
grow to double the size of the normal egg. It has also been sug- 
gested that failure of one or both of the polar bodies to be extruded 
would produce an egg with a nucleus of double size—a nucleus with 
the diploid number of chromosomes, but it does not follow that such 
an egg would then grow to double size, since the polar bodies are 
formed only when the growth of the egg has come to a standstill. 

Bierens de Haan (13) records that in certain individuals and 
in certain years, and at certain time in the year, giant sea-urchin 
eggs are not so rare as at other times. One female (Sphaerechinus) 
had hundreds of such eggs, while other individuals had none. These 
giant eggs may be fertilized, and if the sperm is much diluted 
polyspermy may be avoided. The cleavage is normal, giving rise, 
at the 8-cell stage, to the characteristic four micromeres, ete. The 
embryo develops at the normal rate. Large blastulae and plutei 
result. The number of cells is the same as in the normal embryo, 
but the cells are twice as large. A giant blastula of Sphaerechinus, 
for example, has about 32 mesenchyme cells, and the same 
number are found in the normal blastula. The normal egg of 
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a4 4, 
306 


Sphaerechinus, according to Baltzer, contains 20 ch; 
after fertilization 40. The fertilized giant egg contair 
to Bierens de Haan, 60-63 chromosomes. Forty of thes: 


ably come from the egg (diploid) and 20 from the sper: 

Herbst (’14) has studied hybrids that have been 
fertilizing the giant eggs of Sphaerechinus (Fig. 2, b) b 
of Stronglyoentrotus. A normal pluteus of Strongyloc 
shown in Fig. 1, a, and of Sphaerechinus in Fig. 1, b. 
from normal eggs are shown in Figs. 2, a’, a?, and 
from giant eggs in Figs. 2, b’, b?. It is obvious at a eg] 
latter are more like the Sphaerechinus type (Fig. 1, 
the hybrid from normal eggs (Fig. 2, a’) 

Herbst has analyzed in detail the characters of the 
ton of these two kinds of hybrids. The skeletons are quit 


1 
' 


, 


but in nearly every respect the skeleton of the hybrid ¢g 
is more like that of the Sphaerechinus pluteus than lik 
hybrid from normal sized eggs. 

Herbst records more variability in the size of the nu 
giant eggs than was observed by Bierens de Haan. His 
ments show that there are two, possibly three, categories 
in regard to size. There are giant eggs whose nucleus has t 
volume of those of the normal nuclei, and eggs that hav: 
the volume of the normal. Possibly the latter, he sus 
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tetraploid (fourfold) and represent four potential eggs fused to- 
gether. On the other hand, it is possible that some of the differ- 
ences are only fluctuations in size of a diploid nucleus. It will 
require chromosome counts to decide this question, and at present 
we have only those of Bierens de Haan, that, as far as they go, 
indicate a diploid condition. Herbst is inclined to interpret the 
more maternal characteristics of the hybrid giants as due to the 
larger amount of maternal chromatin in the nucleus. This means 
that the result depends on the greater influence of the larger num- 
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ber of the maternal chromosomes, and is in accord with e 
sults in general. 

Boveri (°13) obtained five giant plutei from giant 
Sphaerechinus fertilized by Strongylocentrotus sperm. 
states, resemble the maternal type of pluteus more than 
hybrid from the normal sized egg. Boveri discusses the | 
as to whether the maternal character of these giants is du: 
greater quantity of the protoplasm of the egg or to the d 
nucleus. By means of the following experiment he showed t!} 
amount of the protoplasm does not in itself affect the char: 
hybrid. Some normal eggs of Sphaerechinus were broken j 
ments. The nucleated fragments were then fertilized by 
Strongylocentrotus. Other eggs, not shaken, were cross 
and then placed in Ca-free sea water. When the two-cell st 
reached, the blastomeres were separated. Both lots were all 
develop into plutei. An equal number (20) of the same s 
of the two lots were compared, 2.¢., those from the 1 bl 
were compared with embryos of the same size from the 
Both were alike; i.e., neither showed a greater tendency 
the paterna: type of pluteus than did the other. This ex] 
was devised in order to test whether the amount of proto] 


r\Y 


the egg, as compared with the possible importation of p 


by the sperm, is the factor involved in the maternal charact 
hybrid from giant eggs as contrasted with the hybrid f: 
eggs. Now in the fragment the sperm must import t! 
amount of its own cytoplasm (if it does import any cyt 
all), while in the 14 blastomere this postulated cytoplasm 


’ 
+1 


distributed as in the normal egg. The embryo from the 
is no more paternal than the embryo from the blastome: 
question may be asked why was not this result equally \ 
by a comparison between the hybrid from a normal egg 
from a fragment of the normal egg. The answer is that t 
embryos from fragments often have a less well-developed s 
hence they might appear more like the paternal type whi 
the simpler type in this particular case. This objection is 
ever, by the experiment as planned and carried out by Bove! 
The same problem comes up again in connection with H 
results from cross-fertilized eggs of Sphaerechinus whose de' 
ment had been already started by chemical means. These eggs 
mal in size) if fertilized by sperm of Strongylocentrotus ¢ 
to plutei that are more like the maternal type than like 
from normal eggs. It has been shown by Herbst (06, ‘07 
Kinderer (14) that these treated eggs have doubled the num! 
their chromosomes before fertilization. There are twice as ! 
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egg-chromosomes as sperm chromosomes with the result that the 
influence of the maternal chromosome is stronger than when the two 
kinds of chromosomes are equal in number. Since the protoplasm 
‘< the same in the two cases it is clear that the result is due to the 
chromosomes, although here a possibility is not excluded entirely, 
namely, that the initial stimulus given to the egg by the partheno- 
genetic agent is responsible for the more maternal character of the 
nluteus; or else as Boveri has suggested the sperm cytoplasm may 


have become injured, or affected by the changes that have taken 


lace in the egg before the sperm entered, hence its less efficient 


Y 
ae 


participation in the characters of the hybrid. 


DouBLE-Sizep Eaes or ASCARIS 

The eggs of the thread worm of the horse, Ascaris megaloce phala, 
have furnished interesting cases of fusion. The eggs are said 
to unite in some eases before, in other cases, after fertilization. 
Occasionally, some of these double (Figs. 4, 5, 6) eggs appear 
to give rise to single giant worms. Sala (’93, ’95), zur Strassen 
‘96, 98) and Kautzsch (’13) have described the process of fusion 
and its subsequent results, but their accounts differ in certain im- 
portant points. For instance, there is some doubt as to the time at 
which the union takes place. Sala suggests that some of the unions 
are due to incomplete separation of the oogonia in their last divi- 
sions. Such eggs with two nuclei would, he thinks, behave like 
normal eggs. They would be expected to form four polar bodies, 
two from each nucleus, and be fertilized by one sperm. They would 
then contain a triple set of chromosomes. The development of such 
eggs was, however, not followed. In other cases double or triple 
eggs (Fig. 3) may be produced, according to Sala, by the action of 
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cold on the eggs. The jelly formation is delayed, or, if 
remains soft and the eggs may stick together and even becon 
by bridges of protoplasm. Later, the fusion may go fart 
unions he supposed to take place either before or just aft 
zation. The number of sperms that enter the eggs is vari 
eggs later die without forming embryos. 

Zur Strassen believes that the union takes place bet 
rate eggs. He found that a low temperature might 
number of unions, but was not the only cause of such w 
union takes place usually between naked eggs, #.e., befor: 
is formed. One sperm may enter. The polar bodies 
nucleus are extruded sometimes at opposite sides, and so 
near together. Zur Strassen believes that eggs may also u 
after their membranes have developed. The membranes 
together, fuse, and a canal develops between the two. Thr 
canal the protoplasm from one egg passes and unites with t 
plasm of the other egg (Fig. 6,a). The two eggs are then s 
to flow together and unite into a single more or less s| 
mass (Fig. 6, ¢). 

Kautzsch states that a single interpretation will cove: 
eases observed by Sala and by zur Strassen. He points « 
the fused eggs are arranged in the order of their stages « 
body formation, the youngest stages are always those wit 
membrane. In Fig. 4, a, the first two polar bodies are being 
off from a double egg. One spermatozoon is present. A 
later stage of another egg is shown in Fig. 4, b; both pola 
are formed near together and two sperms are present. 
another egg, Fig. 4, c, the polar bodies have been given off | 
nucleus, but at different poles. Only one sperm is present 
another egg, Fig. 5, a, all four polar bodies are near together i 
constricted region; two sperms have entered. This egg is du 
bell-shaped. In contrast to the last two cases the four 
bodies represented in Fig. 5, b, lie at the surface in one o 
dumb-bell-shaped combinations, and the two sperm nuclei li 
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in each of the rounded ends of the double egg. The union of three 
eggs is shown in Fig. 5,¢. The polar bodies of one egg of the three 
lie in the dumb-bell-shaped (right hand) part, and the polar bodies 
of the other two eggs lie in the left hand portion that is now con- 
stricted off from the dumb-bell part. Two sperm are present in the 
smaller part. Kautzsch argues that in this case it is improbable 
that one nucleus could have passed through the narrow connection 
to form its polar body with the left hand egg, and that it is more 
probable that, after two of the fused eggs have given off together 
their polar bodies, a constriction appeared that forms the bridge 
between them. In other words, he thinks that in all these cases the 
eggs were at first more or less closely fused, and that after extrusion 
of the polar bodies and fertilization, the halves tend to round up 
again. This gives rise to the dumb-bell combinations seen in so 
many eases. Thus he reverses the order of events postulated by 
Sala and zur Strassen for many of the double eggs. In favor of 
Kautzsch’s view are those cases where the polar bodies are given 
off near each other, for it does not seem probable that they could 
have been secondarily brought into this position by a union of the 
eggs after they had been extruded. Also in favor of his interpre- 
tation is the improbability that union could take place after the 
jelly and fertilization membranes had been formed. Both zur 
Strassen and Kautzsch agree that in later stages, after segmenta- 
tion has taken place, the two eggs may sometimes come together to 
lorm a more nearly oval or spherical embryo, Fig. 6, b, ¢, f. 

The segmentation of some of the double eggs that fused at 
an early stage has been followed by zur Strassen. The segmenta- 
tion of many of the double eggs shows generally great irregularity 
arising from the presence in them of two separate egg-nuclei and 
one or two sperm-nuclei. When two sperm-nuclei are present, two 
spindles or a multipolar complex of spindles develops that leads to 
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irregularities in the distribution of the chromosomes as 


irregular division of the cytoplasm. When one sper 
present, a regular spindle may develop, whose n 
(Fig. 6, e') contains the six chromosomes derived from 
nuclei present. What percentage of such eggs develop as 
unit is not known, but since later (Fig. 6, f) giant eggs wit 
cleavage pattern are sometimes found it is probable t! 
occasions the development proceeds in quite a normal wa; 
e,e, f). It is also possible that in other cases when two sp 
entered, a normal cleavage may take place provided a sing! 
develops. The presence of 8 chromosomes in such an egg (F 
e, c’ and d) is evidence that two sperm have entered. It 
that both triploid and tetraploid embryos may develop int 
As stated above, zur Strassen records finding a giant embr) 


+ay 
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Fic. 7 


within one egg-membrane, and the size of the double embryo as 


compared with the normal (7, a), as well as the size and shape of 
the membranes, leave no doubt as to their double origin. The 
results show that some of the unions at least are of such a kind that 

e protoplasm of two eggs and probably also the nuclei of the two 


eggs have united and produced a single embryo of double size. 
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DouBLE Eaos or NEMERTEANS 
Giant embryos of the nemertean, Lineus ruber, aris 
fusion of two eggs, have been described by Jozef Nus} 
Oxner (13). The eggs are laid in cocoons, two or m 
each. They may fuse before cleavage (Fig. 8, a), dur 
or in the blastula stage (Fig. 8, ¢c). The eggs that 


cleavage may contain two or more nuclei, but sometimes 


When more than two eggs fuse, the cleavage is so irr 
embryos do not develop, but when only two eggs fuse 
gastrulation (Fig. 8, d) may take place and a giant en 
formed. Two fused eggs may have a common blastocoel 


hy 


archenteric invagination. These appear to give rise, 
single giant embryos. When partial fusion takes plac 
blastulae (Fig. 8, ¢) each may invaginate separately. 
headed embryos that have been found (Fig. 9, a, b) n 
duced in this way. 

The development of whole embryos from parts of eggs 
isolated blastomeres, or even from pieces of blastulae 
nemertean (Cerebratulus) indicates that the blastomeres 
worms are little differentiated, or else have extensive 
‘‘regulation.’’ Hence, the results of fusion of two eggs o1 
are entirely consistent with the known possibilities of th« 


GIANT Empryos oF TRITON 
The union of two eggs of Triton to form a single gi 
has recently been brought about by Mangold (’20). Th 
removed from the jelly as they were passing into the tw 
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Fig. 10 


In the absence of the membrane the egg flattens and the first two 
blastomeres at the height of the division period separate widely 
until they are nearly tangent to each other. One such egg is then 


lifted up and laid across another one in the same stage (Fig. 10, a). 
As soon as the four blastomeres begin to draw together they flatten 


against each other. This union becomes more and more intimate 
as the cleavages proceed (Fig. 10, b). Gastrulation takes place 
later (Fig. 10, c), and a single embryo may be formed (Fig. 10, d 
or else two or even three embryos united together may result. 

In order to understand the different possibilities involved when 
two eggs of Triton are brought together it is necessary to take into 
account the fact that the first cleavage plane is sometimes median 

Fig. 11, a) and at other times frontal (7.e., across the median 
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Fic. 12 


plane, Fig. 11, b). By means of the following diagrams (Figs 
13, 14) the possible relations of the fused eggs to eac!] 
shown (one egg is stippled in each case). The first plane of 
age is indicated by the straight continuous line, and the futur 
tion of the dorsal lip of the blastopore (by which the m: 

is indicated) is represented by the black crescent. The tv 
circles to the left represent the kinds of embryos invol 
respect to the first cleavage plane. The two larger circles t 
right represent in each case the result of the combination 
former to produce a giant gastrula. 

In Fig. 12 the first furrow in each embryo is frontal. W 
of this sort, in the two-cell stage, are laid across each othe 
possible relations of the future blastopore are represented 
two larger circles to the right. In each case the rim of t 
pore forms a continuous half cirele of double size. Her 
of the two united embryos coincide as far as possible. 

In Fig. 13 the first furrow in each embryo is median. W 
such eggs in the two-cell stage are laid across each other, t 


l 


possible relations are shown by the larger circles to the rig 
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shore is one normal sized dorsal lip made up of halves of each 

»evo and two half dorsal lips in the other hemisphere. The axes 
P ed two embryos are in the same direction, but there is only one 
ers dorsal lip formed by the juxtaposition of two half lips. 

In Fig. 14 the first furrow in one embryo is frontal and in the 
‘her embryo median. When two such eggs in the two-cell stage 
ps laid across each other, the two possible relations are indicated 
“ the larger circles to the right. In the first of these a single dorsal 
- is continuous at its edges with the two half lips of the other 


liy 
embryo. The axes of the two are nearly in the same direction. In 


the second, the single dorsal lip is isolated from the two half lips 
of the other embryo, and the axes of the two embryos are approxi- 


mately reversed. 

There is a very high mortality, but this is also true for single 
eggs that have been removed from the jelly membrane. Failure of 
the giants to develop is due, no doubt, in part to their exposure, but 
probably also in some cases to difficulties resulting from the en- 
foreed union of two eggs and the resulting maladjustment of their 
parts. In two cases, nevertheless, single, normal embryos of giant 
size were obtained. One of these came from two eggs of Triton 
taeniatus (Fig. 10, d) and the other (Fig. 10, e, f) from an egg of 
this species united to the egg of another species, Triton alpestris. 
It was not possible to determine the nature of the special kind of 
combination that gave these results, but it seems not improbable 
that they came from such a union as that shown in Fig. 12, or from 
the first union shown in Fig. 14. 

Mangold also describes another monstrous embryo in which three 
anterior ends or heads were united into a single giant. Such an 
embryo is expected to arise from some of the other unions shown 
in the diagrams. 
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These results, although somewhat meager, show. 
the possibility of forming a single embryo of Triton | 
of two eggs at the two-cell stage. They are, moreoy: 
with the results obtained from isolated blastomeres of 
eggs.° The outcome suggests that even although at 
stage the future axes of the embryo are determined, 
ment is possible if the general orientation is the sam: 
ponents. It need not be assumed that this power of 
greater than that shown by the isolated 14 blastome: 


come from eggs segmenting in the median plane. Th 
corresponds perhaps more nearly with the embryos that 
1% blastomeres from eggs whose first division was the fr: 


DouBLE Ea@Gs THAT ARE Not GIANTS 

To what extent in other animals two eggs may fuse t 
single embryos is not known, but there is evidence to sh 
bryos may arise that are not giants but which, nevert 
their origin to the fusion of two eggs; and it is also « 
that many monstrous forms that have double structures « 
from fused eggs. Let us consider first the latter situat 
is no evidence, for instance, that two-headed fishes, or « 
turtles come from fused eggs. It is true there is no evide 
that they do not arise in this way, unless the normal size « 
furnishes such evidence. There is in fact one case v 
blastodermic areas (Fig. 15) have been found (Wetzel 
same egg of a snake (Tropidonotus), and this at least su 
earlier four-nucleated condition, but such observations ar 
pared with the frequency of double embryos in other v: 

Several writers have suggested that double chicks n 
from the entrance of more than one sperm into the egg 


Na i 
Fie. 15 

8 Mangold also produced single embryos of normal size by ' 

of two eggs. The first two blastomeres were first separated fron 
then later when each of these was dividing, two of them were laid 
other. They united into a single embryo. The possibilities of cor 
much the same as those described above for whole eggs, depending 
tion of the first plane of division with respect to the axis of the « 
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entrance of several sperms appears to be a normal occurrence in the 
hen’s egg (Patterson ’09). The extra sperms take no part in the 
tae development. The not infrequent occurrence in the hen’s egg 
of two yolks in one shell is due, as already mentioned, to the libera- 
tion of two eggs from the ovary at the same time, which, passing 
one behind the other down the oviduct, become enclosed in a com- 
mon albumen and shell. They do not fuse and do not give rise to 
double monsters.* The multiple embryos of the armadillo have been 
shown to arise from a single egg (Patterson and Newman) by a sort 
of duplication or ‘‘budding’”’ in a stage following cleavage. There 
are no grounds for assuming that the eggs have more than one 
nucleus, in fact, only one is figured in all the normal eggs that have 
been deseribed. 

The multiple embryos of certain parasitic wasps have also been 
traced (Bugnion (’91), Marchal (’04), Silvestri (’06), Patterson 
(13, °15, °17, 18, ’21)) to single eggs, each with a single nucleus. 
The mass of cells resulting from cleavage breaks up later into a 
ehain of embryos. 

There is one case in insects where eggs with two nuclei have been 
observed and where the changes that take place in them have been 
followed. Doneaster (’14) found in one strain of the moth Abraxas, 


Fic. 16 


*G. H. Parker (’06) has reviewed the literature on ‘‘Double hens’ eggs.’ 
Raymond Pearl (’10) has described ‘‘ A triple-yolked egg’’ and given refer- 
enees to other records of similar cases. 

Vol. XVITT.—24 
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that certain individuals contained eggs with two nuclei (Fig 
Each nucleus forms its polar bodies (Fig. 16, a) and each ; 
nucleus then apparently unites with a separate sperm-nuck 

16, b). The observed entrance of more than one sperm int 
eggs, that has frequently been recorded, makes this latter oceurn 
not so unusual as might appear at first thought. Thes 
nucleated eggs of Abraxas produce a single embryo norma] j) 
since the eggs themselves are not larger than normal ones 
these eggs arise is not known, but the conditions that prevail 
early germ track in insects, where a group of cells, derived 


} 


single oogonial cell, becomes enclosed in a common follicle, , 


seem favorable to such a union. Furthermore, only one « 
group usually becomes the egg while the rest remain as nurs 
Although we do not know what conditions bring about the sp 
zation between these apparently identical cells, it is customar 
assume that the position in the group of one of the cells deter 
that it becomes the egg, hence it is easy to imagine that 
failing to divide completely might reunite into one cell wit 
nuclei and become a double egg. Failure of such eggs to | 
giants may be explained by the restriction of the tube in w] 
egg is confined, or through which it passes during its growth st 
Possibly also in other cases the failure of such double eggs to 2 
to double size may be due to presence of only the normal 1 
of nurse cells that supply a large part of the materials for ¢g 
Since it has been shown in moths that the female is hete1 
for a sex chromosome, it is evident that if two eggs should u 
each nucleus remain separate from the other, one nucleus aft 
trusion of the polar bodies might be left with the Z chr 
(the W chromosome being extruded) while the other nucleus 
be left with its W chromosome (the Z being extruded). Su 
the sperm are alike, i.e., each carries a Z, it is obvious 
gynandromorph would arise, namely, an individual that is n 
one side and female on the other. It is probable that son 
bilateral gynandromorphs that have been found in moths a! 


terflies may arise in this way. They are not so much dou! 


bryos, as two half embryos, one male and one female, unit 
one. There are still other ways in which bilateral gynandro! 
may arise and their occurrence does not necessarily mean t! 
gynandromorphs arise from binucleated eggs, but when a f 


heterozygous for genetic factors other than those carried b) 
chromosomes, it may be possible to show by analysis that 


nucleated eggs must have been the source of the mosaic ind 
that appears. There are, in fact, two cases of this kind d 
by Toyama in the silkworm moth both from the same brood. Her 


T 
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as shown by the an alysis of the situation (Morgan ’07, °13, °19 
» two gynandromorphs must have come from a double nucleat: q 

There are also a few other cases in moths where this e ails na- 


If there are no genetic factors present that mak 
if of the same sex 


egg. 
tion is probable. 


n analysis possible, the two half-individuals 


vill pass for normal. 
In the vinegar fly, Drosophila melanogaster, 


umber of mutant races are known, and in which gynandromorphs 


in which a large 


re of frequent occurrence, there are occasional cases where th 
’in an embryonic division, of an 


isual explanation of ‘‘elimination,’ 
but where 


X-chromosome from a dividing nucleus does not apply, 
the results are in full accord with the assumption of a binucleated 


(Morgan and Bridges ’19, Morgan, Sturtevant and Bridges 


At present, there is lacking the cytological evidence that is 
with certainty, be referred to an 


egg 
93). 
desirable before such cases can, 


egg with two nuclei, but the genetic evidence leaves little doubt as 


to the interpretation. 
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ORIGIN AND GROWTH OF THE WEATHEp 
SERVICE OF THE UNITED STATES, ANp 
CINCINNATI’S PART THEREIN 


By Dr. W. J. HUMPHREYS 


METEOROLOGY IN GENERAL 


What is it moulds the life of man? 
The weather. 

What makes some black and others tan? 
The weather. 

What makes the Zulu live in trees, 

And Congo natives dress in leaves 

While others go in furs and freeze? 
The weather. 


Tuts jingle has, perhaps, no claim to be recognized 
but from beginning to end it is concentrated truth. Th« 
industries of primitive man, namely, hunting and herding 
and agriculture, are each profoundly affected by the weat 
so, too, with searcely an exception, are all our other and n 
ern industries, developed by the needs of a complex ci\ 
Hence, with the very dawn of his reason man of necessity 
interested in the weather, nor, so long as he remains 
being, can that interest lag. 

Hence, most if not all primitive races have had their \ 
wizards whose duty it was to bring rain in times of droug 
stop the downpour and still the winds, as the needs of th 
or whims of a chief, might suggest. These miracles they s 
perform, and claimed to effect, through magic or by suppli 
by some naive mixture of the two. Nor, indeed, has civilized 1 
yet wholly freed himself from even the crudest magic in resp 
the weather, so desperate are we made and unreasoning by : 
ing drought, ruinous storm or devastating flood. 

Next after weather-magic, in the development of meteo! 
came the association of weather phases with previous occurre! 
rain, for instance, with a halo the night before; or frost 
ample, with bright moonlight; and so on through an inter! 
list, commonly expressed in the form of proverbs. Such pro' 
both those that now have the support of recorded observati 
sound deduction, and also that much larger class that came iro! 
mere fancy, were among the earliest sayings to be conserv' 
manuscript for the benefit of future generations. They hav 
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to ys in the Bible, in the Vedas and on cuneiform tablets. Many of 
them were compiled by Hesiod, we do not know exactly when, but 
+ far from the time of Tutankhamen’s youth, some 3,000 years 
In the third century before Christ the Greek poet Aratus 


no 


ago. 


compiled all the weather lore of this kind known to him in his 
famous Prognostica. And the end is not yet, for this good work 


still goes on. 

Very early, too, our knowledge of heat and cold, rain and shine, 
and other important weather phenomena, began forming into a 
more or less definite science, in the sense of being classified and ex- 
nlained. No one knows when nor by whom this scientific phase of 
meteorology was begun, but we do know that by the time of the 
fourth century before Christ it had grown to such magnitude that 
as assembled by Aristotle it made quite a treatise. We also know 
that for two thousand years this treatise by Aristotle was the most 
important of all works on meteorology, and that because of its great 
authority it eventually became rather a hindrance than an aid to 
an understanding of weather phenomena. Its logic is, of course, 
inductive, by which cause and effect are inferred according to asso- 
ciation and order of occurrence. But induction is no longer suffi- 
cient in any of the physical sciences, however statistically supported 
the conclusions may be. We now also demand abundant deduction, 
or the rational prediction of effects from assumed causes. Hence, 
Aristotle’s treatise marked only a phase, though an extremely im- 
portant and long-enduring one, in the science of meteorology. 

Obviously, no natural science, in the sense of classified phe- 
nomena and their logical explanation, can grow, or even come into 
existence without both a mass of observations and a body of logical 
reasoning thereon. Furthermore, in the realm of the physical sci- 
ences, of which meteorology is a member, the more accurately quan- 
titative these observations are the more rigid and reliable the rea- 
soning can be. Therefore, the next great advance after the work of 
Aristotle was the invention and use of quantitative weather instru- 
ments, especially the thermometer, generally attributed to Galileo, 


orology who is believed to have constructed the first closed instrument for 
rrences observing differences in temperature in 1612, and the barometer de- 


for ex- vised and constructed by Torricelli in 1643. Crude rain gauges and 
minabk wind vanes had been in use from time to time since about a hun- 
roverbs dred years before the beginning of the Christian era, but it was not 
until after the invention of the thermometer and the barometer, 

that is, not until the middle of the seventeenth century, that it was 

even possible to obtain numerically comparative values of either 

temperature or pressure, the basic factors of meteorology. Of 

course none knew better than even the savage when the air was 
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comfortably warm, nor realized more fully that at times it | 
bitterly cold. But such terms as hot, warm, mild, cool a 
covered the whole thermometric scale of even such great 
Charlemagne and William the Conqueror; such literary 
as Dante and Chaucer; such explorers as Columbus and Hy 
or such penetrating scientists as Leonardo da Vinci 
Bacon. Nor had any of them the slightest idea that th 
the atmosphere varied from time to time and place to pla 
could not tell what made the winds to blow nor why st 
and went. 

With the invention of the thermometer, however, t] 
and certain other instruments, it immediately became poss 
collect quantitative values of every important weather element 
at stated intervals by eye readings, and continuously by 
automatic recording devices. And such values were prompt 
lected at many places. Thus, as early as 1664, or only a 
after the invention of the barometer, Dr. Beal discovered 
diurnal variation of the atmospheric pressure, an interestir 
generally inconspicuous, phenomenon that even yet comn 
attention of observer and philosopher alike. Since 
about the middle of the seventeenth century—we hav 
meteorological data in increasing abundance and with ev 
attention to details from many parts of the world. The first 
ized body of observers, supplied with like instruments and 1 
similar records, was formed in 1654 by the Grand Duke Fe1 
II of Tuscany. These were located in Italy and adjace 
tries, and continued their systematic observations until about ! 
Few, however, of their records have been preserved. Du 
next hundred years several similar undertakings wer 
England, France and Germany. Then, in 1780, the Meteor 
Society of the Palatinate was founded at Mannheim under t 
pices of the Elector Karl Theodor. Standard instruments 
distributed to observers scattered as follows: Fourteen in Ge! 
two in Austro-Hungary, two in Switzerland, four in Italy, t 


France, four in Belgium and Holland, three in Russia 
Scandinavia, one in Greenland and two in North Ame! 
Bradford and Cambridge, Massachusetts. The detailed dat 
tained by these widely scattered observers down to 1792 wv 
lished in twelve large volumes. 

About the middle of the nineteenth century, that is, s! 
the invention of the electric telegraph, organized met 
services began to be established, for the purpose both of syste! 


ically recording the principal weather elements and of 


those interested of an approaching storm. The first of thes 
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authorized by France in 1855 and put in operation the 


vices Was 
They now are maintained by all the more pro- 


following year. 
gressive governments the world over. Furthermore, as the success 
of wireless transmission grew meteorological reports to and from 
vessels at sea correspondingly advanced until to-day the ocean is 
all but as well manned and served meteorologically as the land. 
Finally, near the first of the twentieth century systematic ex- 
Jorations and studies of the free air up to the greatest attainable 
eights began to be made, and are now being made in greater vol- 


I 


ume than ever before. 

Whenever, now, for any reason whatever, we wish to know what 
the climate of any particular country, town or district is, we have 
only to look up its weather records—that is, if it has such records, 
and it always has if it belongs to a progressive part of the world. 
We use these accurate records of the weather of yesterday, last 
month or last year, in settling many a legal dispute and in answer- 
ing a thousand other questions. The telegraphed reports of to-day’s 
weather have equally varied applications. They are used by the 
merchant in deciding, for instance, whether he shall order a par- 
ticular shipment to proceed at once or to delay for further instrue- 
tions; by the citrus grower, for example, to know when the other 
fellow’s orchard is being frosted, say, for that will immediately 
boost the value of his own crop; by every stock exchange ; and many 
others for a great variety of reasons. They are also used by the 
forecaster in deciding what the weather is likely, in every essential, 
to be to-morrow and the day after—a foreknowledge of inestimable 
worth. Furthermore, this vast amount of quantitative data, from 
so many parts of the world, land, ocean and skies, furnishes both 
the occasion for and the proper tests of all those hypotheses and 
theories that together constitute rational meteorology. With so 
many reliable quantitative data available we are no longer confined 
to inductive reasoning about causes and effects in respect to weather 
phenomena, but can also employ deductive reasoning, by which 
previously unsuspected relations and phenomena are revealed. In 
this way meteorology has truly become a natural science—a subject 
concerning which our knowledge progresses by deductive reasoning 
and observational or experimental test. 

Such, in general, has been the course of meteorology through the 
ages. It will be interesting next to consider how America’s Weather 
Service, in particular, originated and into what it has grown. 


APPLIED METEOROLOGY IN THE UNITED STATES 


The earliest records of weather kept in the United States, like 
the early records in Europe and elsewhere, were owing to individual 
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stimulus and enterprise. The burden they imposed on t 
was voluntarily assumed and without financial compensati 
the recognition, or good repute—a thing every self-r spe 
strives to merit—that one got from even a decennium of ¢ 


ports was mostly posthumous. We do not know in all eas 


why these records were begun, but we do know that they sey 
useful purposes: they told with an exactness that otherw 
not have been had what the climate was of the place in , 
and they furnished facts of great help for the correct sett] 
questions in litigation. 

The first regular record of the weather anywhere on t 
ican continent was kept during 1644-1645 by the Rev. J 
panus at the Swedes’ Fort, near Wilmington, Delawar 
Campanus soon returned to Sweden, and after that it was 
while before any one else in this country had both the des 
the patience to keep such a journal. At any rate, the next 
record in America appears to be that for 1729-1730, kept at 
by the Hon. Paul Dudley, Chief Justice of Massachusetts. 
later, 1738-1750, Dr. John Lining kept at Charleston, So 
lina, a detailed registry of four weather elements, namely, t 
ture, using a Fahrenheit thermometer made and stand 
England, pressure, humidity and precipitation. 

In 1739, Benjamin Franklin, during his voyage homew 
England, took full and systematic notes of the weather and 
temperature of the ocean, using a Fahrenheit thermometer 

From 1742 to 1778 Professor John Winthrop, of Harvard ( 
lege, as it was then called, kept a regular set of meteor 
records. 

In 1743, Benjamin Franklin reached the important « 
that a particular storm in September of that year had 
eastward across the country. This conclusion was based on 1 


TY 


from many postmasters, and from the fact that an eclips 
moon was not visible at Philadelphia, owing to the presence 

of this storm, while at Boston the eclipse was seen and w 
before the storm began. This was the first determination, in <A! 
ica at least, of the direction of travel of a storm as a whol 
rain might come with the winds from the east, but the storm its 
moved towards the east. 

From this time on weather records in greater or less det 
been kept almost continuously by private individuals and 
tions at one or more places in the United States, as also, of « 
in many other countries, including our good neighbors, Cana: 
Mexico. Many excellent records of this kind are still being 
and are useful, even though practically all progressive gove! 
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are now, and for round half a century have been, keeping meteoro- 
ingical records on an extensive and elaborate scale. 

. ” From 1772 to 1777 Thomas Jefferson, at Monticello, Virginia, 
1 James Madison, at Williamsburg, Virginia, made simultaneous 


aT 
alt 


observations Of temperature, pressure, wind direction and other 
weather elements. These observations have the distinction of being 
the first made in America in accordance with the agreement that 
thev should be simultaneous, a condition that makes them far more 


able than they otherwise would be. 

The credit for taking the first official observations of the weather 
in this country belongs to the Army Medical Department. An 
order, dated May 2, 1814, makes it a duty of hospital surgeons to 
keep a diary of the weather; and one such journal, specifically 
recognizing this order, and kept at Cambridge, Massachusetts, is 
dated July, 1816. This order appears to have been heartily en- 
dorsed by the first Surgeon General of the Army, General Joseph 
Lovell, appointed in 1818. In urging the approval of the order that 
such diaries of the weather be kept he says: ‘‘ Every physician who 
makes a science of his profession or arrives at eminence in it will 
keep a journal of this nature, as the influence of weather and 
climate upon diseases, especially epidemics, is perfectly well known. 
From the circumstances of the soldier, their effects upon diseases 
of the army are peculiarly interesting, as by proper management 
they may in a great measure be obviated. To this end every surgeon 
should be furnished with a good thermometer, and, in addition to 
a diary of the weather, should note everything relative to the topog- 
raphy of his station, the climate, complaints prevalent in the vicin- 


val 


ity, ete., that may tend to discover the causes of diseases, to the 
promotion of health, and the improvement of medical science. ’’ 

At about this same time, specifically, in 1817, organized meteoro- 
logical work was begun by the government under the direction of 
Josiah Meigs, Commissioner-General of the Land Office, who estab- 
lished a system of tri-daily observations at the various land offices. 

The first volume of the meteorological observations by the Army 
Medical Department, covering the years 1822-1825, inclusive, was 
published in 1826. One purpose of this publication was to stimulate 
the study of the then mooted question whether there is any pro- 
gressive change in the climate of any portion of the country, and, 
if there is, how it is related to settlement and cultivation, a prob- 
lem that has not yet been solved in all its details 

The second volume of these observations covered the years 1826- 
1830. One of the most important climatic generalizations thus ob- 
tained was the fact that, other things being equal, near large bodies 
ot water, whether ocean, gulf or lake, the climate is more equable 
than it is far inland. 





378 THE SCIENTIFIC MONTHLY 


By this time important generalizations in meteorolog: 
being made, both in this country and abroad; for exam 
air cools by expansion incident to convection, announce 
by James P. Espy; and that the winds blow around t! 


1 
© | 


low-pressure storms, as explained by W. C. Redfield in 1831 
generalizations, and the scores of others that have been 
during the century, nearly, since they appeared, belong t 
retical side of meteorology, and therefore are extremely 
In fact, without theory in meteorology, that is, the logi 
ment of cause and effect, the growth of every weather ser 
be slow and uncertain. Nevertheless, weather service, n 
theory, is our present theme. Hence neither the ab 
other such laws will be further considered. 

Obviously, there can be no efficient and sustained pul 
without public support. Hence, an important event in 
and growth of the weather service of this country was 
the first of its kind in America, of $4,000 made in 1838, b) 
lature of Pennsylvania to the Franklin Institute for t 
of weather information. No doubt the stimulus that 
grant was the fine meteorological work and buoyant e1 
Espy, then connected with the Franklin Institute. 

The red letter year, perhaps, in the history of appli 


ology, was 1845. In that year, on the first of April, a ¢ 
telegraph line was opened to public use. After that 
could, and many did, see the possibility of forecasting t 
by the obvious and simple process of telegraphing ahead 
coming. However, the first person actually to begin wo. 
kind was Joseph Henry, then secretary of the Smiths 
tution. In his ‘‘ Program of Organization,’’ submitted o1 


December, 1847, he says: 


Of late years, in our country, more additions have been mad 
than to any other branch of physical science. Several importa 
have been arrived at, and definite theories proposed, which 
direct our attention, with scientific precision, to such points of 
ean not fail to reward us with new and interesting results. 
organize a system of observation which shall extend as far as | 
North American continent. The present time appears to be p¢ 
cious for commencing an enterprise of the proposed kind. Thi 
United States are now scattered over every part of the souther 
portions of North America, and the extended lines of the telegra] 

a ready means of warning the more northern and eastern observer 
watch for the first appearance of an advancing storm. 

This recommendation was promptly adopted by the B 
Regents and money appropriated for getting it started 

By the end of 1849, 150 people, widely scattered, wer 


weather observations and reporting them to the Smithsonia 
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tution. In this year also the telegraph lines began giving to the 


-ctitution, and without charge, information in regard to the exist- 
]LiUSt ? 


-» weather at various places. 

The next obvious step was the construction of a map showing the 
current weather conditions over the country, and this step the insti- 
tution took in 1850—only five years after the opening of the first of 
all telegraph lines! This map was not manifolded and distributed 
to the public but the single copy was mounted where it could easily 
he seen, and corresponding signals were displayed on the high tower 
of the institution. Thus were begun the first, so far as we know, 
systematic and organized meteorological reports by telegraph, and 
the construction of the first maps, for public information, showing 
the existing state of the weather over a large territory. 

During the same time that Joseph Henry and his colleagues, 
Espy, Coffin and others, were doing their fine meteorological work 
for the land, Lieutenant Matthew Fontaine Maury, then (1844~ 
1861) superintendent of the U. S. Naval Depot and Observatory, 
with the friendly cooperation of ship captains, was assiduously col- 
lecting from log books that great fund of information concerning 
the weather of the seas that gave us our first reliable knowledge of 
ocean climates. Thus was marine meteorology firmly established, 
a branch of weather service that to this day has grown in magnitude 
and increased in importance. 

Maury’s connection with the Naval Observatory and his activity 
in the collection of marine data terminated with the beginning of 
the Civil War. At the same time the meteorological work of the 
Smithsonian Institution was greatly reduced. 

The center of meteorological interest and activity in this coun- 
try, in respect to weather forecasting, now shifted from the capital 
of the nation to the Queen City of the West. On February 1, 1868, 
Professor Cleveland Abbe became the director of the Cincinnati 
Observatory, and in his inaugural report, June 30, 1868, to the 
Board of Control, he said: 


If the director be sustained in the general endeavor to make the observatory 
useful, he would propose to extend the field of activity of the observatory so as 
to embrace, on the one hand, scientific astronomy, meteorology and magnetism, 
and, on the other, the application of these sciences to geography and geodesy, 
to storm predictions, and to the wants of the citizen and the land surveyor. 


During his directorship of the Cincinnati Observatory, Profes- 
sor Abbe’s active interests turned more and more to meteorology, 
and especially to that application of it by which warnings may be 
given of approaching storms. On July 29, 1868, he sent a letter to 
Mr. John A. Gano, president of the Cincinnati Chamber of Com- 
merece, emphasizing the practical importance of storm warnings, and 
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setting out in detail a plan by which, with the aid of th: 
and the press, he could prepare and issue such warning 

After much consideration of this proposition, Mr. | 
quested Professor Abbe to send him a second letter t 
presented to the Cincinnati Chamber of Commerce. Thi 
letter was sent, also a sketch showing some of the stat 
which reports would be desired, and a sample dispatc! 

The happy results of this appeal are told in the following 
tion from Professor Abbe’s report of June 18, 1870, to the B 
Control of the Cincinnati Observatory : 


The importance of anticipating the changes in the weatl 
storms or droughts, was alluded to in my report of June, 1868 
having been brought by myself to the attention of the Chamb« 

of this city, that body, in June last, authorized me to organiz 
weather reports and storm predictions. Experienced observers at 
offered their gratuitous cooperation. The Western Union Teleg 
offered the use of their line at a nominal price. The bulletin begar 
September 1, in manuscript form, for the special use of the Cha 
merce, and began to be printed a week later as an independent pul 

This bulletin was supported for three months, as at first agr 
Chamber of Commerce; its conduct then passed entirely into th 
observatory, and has thus continued until the past month. 1 
publication of the bulletin was, however, discontinued, and it has, s 
ber 1, only appeared in the morning papers. The daily compi 
bulletin for the newspapers was undertaken two weeks ago by t 
office of the Western Union Telegraph Company, and will so « 
lieving the observatory of all further responsibility. 

In February the manager of the Cincinnati office undertook t 
of a daily weather chart, and the favor that this has met with 
tinuation in the future. The Daily Weather Bulletin and Chart 
now supported solely by the Western Union Telegraph Company, : 
considered as a very important contribution to meteorology. It 
been highly to the credit of the observatory could these publicat 


maintained in its own name; but this was impossible, owing to 


funds and assistants. 


The Weather Bulletins for September, October and N 
1869, were prepared by Professor Abbe, copied on mani 
by clerks in the Western Union Office and delivered to | 
the messengers. These copies were known by the descript 


** greasers. ’ 

Professor Abbe’s enthusiasm over his experiments in fo! 
the weather may be inferred from a letter to his father, i 
said: ‘‘I have started that which the country will not will 
die.’’ And his estimate was correct. The earlier met 
work of Joseph Henry, Espy, Redfield and others in this « 
the success of certain already established weather s 


Europe; and Professor Abbe’s demonstration that valu 
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easts, based on telegraphic reports of the weather, could 
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also in this country, left no room for doubt. The time thus had 
pecome so ripe for a National Weather Service that less than six 
months after the first weather bulletin of the Cincinnati Observa- 
tory was issued the federal government, through a Congressional 
” solution signed by the president February 9, 1870, authorized the 
creation of a Weather Service, and placed it under the direction 
‘the Signal Service of the Army. 

The immediate chain of events that led to this wise action on 
the part of Congress, an action that Maury and others had pre- 
viously advocated, was as follows: Earnestly anxious to secure 
storm warnings for the benefit of commerce on the Great Lakes, 
Professor I. A. Lapham, of Milwaukee, a close student of meteor- 
ology, drew up, in 1869, a petition for support addressed to the 
Chieago Academy of Sciences. This petition was presented for 
signature to the Honorable H. E. Paine, who, instead of signing it, 
as at first requested, fortunately took a much broader view of the 
subject and insisted that the petition should go to Congress, and 
the weather predictions be made for the whole country and not for 
any small section thereof. After making the necessary changes in 
the original petition, and securing for it the support of several 
chambers of commerce and the National Board of Trade, Mr. Paine 
took it in charge and quickly secured its adoption by a joint resolu- 
tion enacted on February 4, 1870, which, as stated above, was signed 
by the president on February 9, 1870. 

The chief position in this newly established service, next to that 
of the commanding army officer, was first offered to Professor Lap- 
ham, partly, no doubt, in recognition of his invaluable services in 
urging the importance of storm warnings, but also because of his 
knowledge of meteorology and for his obvious fitness for the posi- 
tion. Private considerations, however, prevented Professor Lap- 
ham from accepting this offer. Professor Abbe, widely and most 
favorably known because of his weather forecasts at Cincinnati, 
was then urged to accept this responsible position and finally pre- 
vailed upon to do so. His official connection with our Weather 
Bureau began on January 3, 1871, and terminated, owing to ill 
health, on August 3, 1916, after 45 years of fruitful labor for the 
development of meteorology and its adaption to human needs. 

The work begun by Abbe in Cincinnati on small means, but with 
large vision, on being adopted and supported by the national gov- 
ernment, as was both proper and necessary, has grown amazingly; 
and yet, as that vision clearly discerned, the demands of the public 
for meteorological service have always far exceeded the capacity of 
personnel and equipment to supply. 


‘ 
OL 
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PRESENT ACTIVITIES OF THE U. S. WEATHER Bt 

The present activities of the Weather Bureau, in 
many special investigations, and all the various duties ; 
the instrumental equipment and proper maintenance 
ous stations, may be classified roughly as follows: Obsey 
reporting, by telegraph and by mail; forecasting and disser 
the forecasts; assembling data for climatological needs: eat 
and coordinating the weather records of ships for the 
of marine meteorology ; collecting and studying informatio) 
on the relation of weather to crops; getting and analyzing j 
tion concerning the temperature and other conditions of 
air; reporting and forecasting river stages ; measuring and st 
solar radiation ; measuring the kind and amount of dust i: 
and many others, generally either of smaller magnitude or | 
exclusively of meteorological importance. It is impract 
anything short of a volume, or, perhaps, volumes, to elucid 
the multifarious present-day work of the Weather Bureau 
haps, though, some notion of its magnitude may be gotten f: 
fact that in the interest of forecasting the bureau receives det 
weather reports daily, in most cases twice daily, from approxir 
the following numbers of stations in various parts of the world 
Far East, 12; Alaska, 12; Mexico, 20; Canada, 35; Euro; 
West Indies, 30; the oceans (from ships), 100; United States 
In addition to all these, reports of the state of the upper ail 
ceived daily from six kite stations, and 40 pilot balloon st 
in the United States. 

For the detailed studies of climatology, there are used 
tion to all the above reports from the United States, sin 
sent in by mail, from about 5,000 cooperative stations, 1 
tions officially equipped but tended without further cost b) 
enthusiasts—amateurs, working because the spirit of progress 
them, and deserving earnest thanks and unstinted praise 

The River and Flood Service alone gets readings of river st 
from 500 different places, and rainfall from 500. 

The division of Agricultural Meteorology is supplied 
daily telegraphic reports from 400 stations, and written 
from 4,000. 

Clearly, then (and this list is not complete), the meteorol 
organization of the United States has reached enormous Pp! 
tions, though still far short of the development that would b: 


sary adequately to meet all the needs it alone could properly se! 
And what does all this contribution to science and thousa! 


sided aid to humanity cost the public? This practical, albeit sor 


and selfish, question has a pleasing, a softly soothing answer 
than two cents per capita per year. 
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DEVELOPMENT OF TRANSPORTATION 
BY AIR’ 


By Professor EDWARD P. WARNER 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Tue story of civilization is a story of constantly increasing speed 
and comfort of transport. Improving ease of communication has 
always brought in its train the possibility of preserving unity of 


id studyiy : ; 
Wen feeling and of creating a national sentiment over larger areas than 
In the a ; _ . . : . : 
Sy heretofore. It has contributed alike, insofar as it has appeared in 
> Or not s : : : . 
any particular nation, to national safety and to the spread of na- 


icable with ° . ° . . 
tional ecommerce. The direct economic gain from increased speed 


eau. P always has been, and always will be, great and unmistakable. 
‘ — 7 History offers no single instance of the long-continued neglect 
ro of a means of travel offering a great increase in speed combined 
aaah with moderate economy and a reasonable degree of sa fety and com- 
orld: Th. fort. There are, however, repeated examples of the virtual aban- 
donment of one type of transporation in favor of another a little 


rope, 95 
; less comfortable, more dangerous, more costly, or all three com- 


ta bined, pessessing only the cardinal advantage of speed. That being 
appeal the case, it is not at all surprising that the airplane and airship 
have come into extended use for the transport of passengers, mails 
and goods, but it is very much to be wondered at that the United 
States, which has depended more than any other nation in the world 
upon good transportation for its economic development, should have 
lagged behind almost all the nations of Europe in putting aircraft 
to work under the auspices of private corporations, and that this 
country, which has firmly resisted government ownership and opera- 
tion in most fields, should have been the only one in the world to 
depend on direct government operation of aircraft for a commer- 
cial purpose. 

The one great advantage of aircraft for transport is, of course, 
their speed, which is far in excess of that of any surface vehicle, 
although the rates of travel realizable with economy are still much 
below those reached by racing airplanes carrying only a single 
pilot. A hundred miles an hour is the highest speed that can be 
considered as commercially practicable for the airplane at the 
present time, and it is better to operate at eighty to ninety where 
the nature of the traffic permits the slight corresponding increase 


ucidat 


eS det yiled 


> Bead before the American Association for the Advancement of Science— 
Section of Social and Economic Sciences—December 31, 1923. 
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of time for a journey. The airship, which will compet 








































with shipping, is capable of sustained travel over dist 
5,000 miles at about a mile a minute. There is litth 
these speeds will be much increased, and the desirabilit: 
ing them is open to doubt. It seems better to take aire 
now exist and to concentrate attention on so develo) 
chines and their auxiliary equipment that they will | 
flying in all weathers and both by day and by night, w 
tially perfect reliability and fair economy, rather t} 
the production of a special form of winged projectil 
for its operation on reasonably favorable conditions 
present-day commercial airplane can cut more than 
from the train time on any long trip, and the airship 
the time required by the fastest ocean liner by from t 
three quarters on journeys over the sea. 

There are, of course, some routes on which geograp 
tions are peculiarly favorable to the use of the airp] 
passes over land and water, mountain and desert and 
indifference. The most notable example is the passag: 
to the Continent, on which the traveler by air both s 
deal of time and avoids the necessity of transshipping | 
his baggage at each shore of the Channel, to say nothing « 
the crossing of that frequently very unpleasant body of \ 
unnaturally, it was between London and Paris that the fi 
air line ran, and operation on that route has been conti 
more than four years now. The total number of passer 
have crossed the Channel by air since August 26, 1919, is 1 
40,000, probably at least three times as many as have ridd: 
the other air lines of the world combined in the same spa: 





It is of interest to note, in view of the seeming relucta 
American people to develop the commercial use of the airp] 
about one half of the total traffic, during the time for whi 
tics of nationality are available, has been made up of A! 
tourists and business men. There has been a gradual 

the amount of passenger business done on this particular 1 
the number of passengers during a single month has run t 
2,600. The traffic has been highly seasonal, partly becau 
tourist business in summer and partly because the prevale 
fogs and high winds in winter has interfered with the regu! 
and dependability of the service. 

There are a score of other lines in Europe, most of them 
ating over distances much greater than that between Lond 
Paris and most of them international in scope, for the most 
acteristic development of the last two years has been the suppr 
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short lines which connected two cities but had no direct share 
n any transportation system of continental extent, such rout 
ving been served in some cases by two or three companies. They 
sve been replaced by the longer routes for reasons partly economic, 
an political. The saving of time by the use of the airplan 
becomes progressively more impressive and thie vicinal of air 
apabl, transport to the business man becomes more and more apparent, 
With subs: 1s the length of route increases, for there is always a certain fixed 
in to sey time loss at the terminals, flying fields still being far from the cities 
le depend which they serve in most instances. The time from New York to 
Boston by air, for example, including the time taken in traveling 
from New York to the flying field at Mineola and from the Boston 
airport to the center of the city, would be about three hours, a sav- 
ing of only 40 per cent. over the performance of the fastest trains. 
From New York to Chicago, on the other hand, the total elapsed 
time would be about nine hours, which cuts well over half from the 
time of the limited train service. European airports are generally 
even farther out of the city than are American ones, and the use 
of long routes is correspondingly more important. Delays at in- 
ternational boundaries, too, make it possible for the airplane to 
show a greater relative advantage over the railroad in Europe than 
in this country. It is even now possible to fly from Vienna to Paris 
r, N in ten hours, the best time by train being about 30, and to reduce 
first regulay the four days required by the Orient Express for the run from 
tinuous for Strasbourg to Constantinople to 30 hours by airplane. 
engers that The political motive for the development of air routes is two- 
$s more thar fold. In the first place, the control of an important part of the 
dden on al] transportation of one nation by the investors of another, working 
ace of tim in close accord with their own government and receiving more or 
ance of the less direct support from it, is at once a useful, economic weapon and 
plane, that a means of extending national prestige and influence abroad. That 
hich statis. its value is generally recognized by the governments of Europe has 
Americar been proven by the intensity of the competition for the control of 
increase j air transport in South Central Europe and in Russia, a competition 
route. and to which France and Germany have been the principal parties. 
an to over Second, rapid and efficient communication is an indispensable tool 
use of th in the government of an empire, especially if any attempt is to be 
valencs made to establish a federal system, and there is, therefore, strong 
regularit incentive for the maintenance of air lines connecting the mother 
country with its dominions and colonies. Empires of great geo- 
hem oper graphical extent arose in the distant past, but they always were 
ndon and purely military in nature, a single compact country sending forth 
wand hen. armies to enslave the world. Such was Macedonia, such was Rome. 
ppression The size of a self-governing unit has been limited by transportation, 
Vol. XVITI.—25 
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and it has gradually grown from the city-state of ancient 
and of medieval Italy, through the feudal barony offering 
most shadowy allegiance to a king, through the nation-st 
characteristic of the last century, to the federal empire 
wide extent, of which the British Commonwealth of Nat 
nishes the most notable example to-day. The existing Britis 
pire, with its present form of government and its periodic I) 
Conferences, would have been as unthinkable before th 
of the steamship as would the existing United States of A; 
before the building of the railroads. Even to-day, the dist: 
which the largest empires spread is a source of strain, and 
reducing as they do the time in transit of mail and passeng: 
home from the dominions, are eagerly welcomed by stat: 
Even where colonies, rather than self-governing dominio: 
question the airplane and airship offer an advantage in 
easier to get the kind of man wanted for colonial servic 
keep in close touch with home affairs and spend a fair part 
annual vacation at home than it is if he must immure hims 
a term of years far from home and friends and what he has |] 
to consider the essentials of civilization. It is such consid 
as these that have led the French to run air lines out to } 
and along the African coast from Tunis to Dakar with | 
break, and that have led the British to point their endeavors 
in the general direction of India, Australia, Egypt or Sout! 
It is no mere coincidence that the three most notable long- 
cross-country flights ever made by British pilots establishe 
connection between the British Isles and Newfoundland, the Brit 
Isles and Cape Town, the British Isles and Port Darwin, 
Northern Territory. The latest issue of the French aerial 
finder lists seven lines being operated under French control, a1 
one is confined within the boundaries of continental France. R 
lar schedules have been maintained during the past summer on 1 
routes exploited by German capital, and only one of the ni 
entirely in Germany, the others passing into Switzerland, Holl 
Russia and all the Scandinavian and Baltic states. It is now 
sible to travel by air along a substantially direct line between 
any two of the European capitals and the whole distance of 
miles from Casablanea to Moscow, with the exception of 
mile stretch between Toulouse and Paris, can be covered in a! 
plane flying on a regular route with at least tri-weekly servic 
While this feverish activity in starting new companies and | 
trating new countries has gone on in Europe, American dev 
ment has proceeded on somewhat different lines. With no p 
incentive for the granting of direct government support, t! 
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of aireraft for passenger transport has proceeded comparatively 
slowly. There are several lines operating in the South during the 
resort season each winter, especially one between Key West and 
Havana, and the over-water route between Detroit and Cleveland 
has been regularly served by seaplanes during the past two sum- 


mers, With a steadily increasing patronage. The great American 


achievement along the line of putting the airplane to work, how- 
aver, has been the Air Mail service. 

The Air Mail was started between New York and Washington 
during the war. As that route proved too short for full efficiency 
‘t was abandoned in the summer of 1920 and replaced by the trans- 
continental service, which has been functioning regularly ever since. 


Since every part of the route is covered in each direction on every 
week-day, the total distance covered during the year is a little under 
two million miles, the actual figure for the fiscal year 1922 having 
been 1,727,265. By flying under conditions which would, even dur- 
ing the war, have been adjudged quite impossible for airplanes, the 
percentage of reliability (ratio of distance flown with mail to dis- 
tance scheduled) for the entire year has been raised to over 96 (for 
the fiseal year 1923) and the figure for the summer months has con 
sistently been above 99. On several occasions a whole month has 
passed, and 150,000 miles have been covered, without a single un- 
completed or seriously delayed trip. There are no recent official 
returns of the ratio of trips completed to trips scheduled on most 
of the European passenger lines, but it undoubtedly is, in all cases, 
somewhat inferior to the Air Mail’s ratio. During the summer of 
1921, for which complete statistics have been published by the Brit- 
ish Air Ministry, the average percentage of the commercial air- 
planes operated by British companies was 95 on the London-Paris 
route and 89 between London and Amsterdam, despite the preva- 
lence of fog over the Channel. It has been demonstrated very con- 
clusively, both in Europe and here, although more effectively by the 
United States Air Mail than by any passenger line, that at least 95 
per cent. of all scheduled trips can be completed on schedule time 
during eight months in the year, using the airplanes and other 
equipment now available. In strict adherence to a time-table the 
airplane need not fall far behind the railroad, although, to be sure, 
when the airplane is delayed by impossible weather or by a forced 
landing the delay is likely to be a long one. Such delays are be- 
coming progressively rarer as the reliability of engines is improved 
and as better methods of navigation for flying in bad weather are 
developed. Every meteorological obstacle except fog has already 
been overcome, and progress is being made in conquering that. 
Any further extension of commercial aerial transport facilities 
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must be the result either of the financial success of those li) 
are operating already or of very conclusive proof that ; 






be made with some new line or some new scheme of operat 





governments of the world have so far lent direct sup; 
the major and most of the minor states of Europe have of 
sidies, but that policy can not be pushed much further y 
cessive burden on the tax-payers. If air lines are to tak 
important place among the world’s means of transport 
be self-supporting. 

The subsidies, helpful in some eases, have been definit 
ful in others. Since they have been given largely to er 
aircraft industry and to build up a source of military 
many of the grants are hedged about by restrictions whi 
efficient operation and the use of airplanes of a type quit 
for economical commercial use. They are having an eff 
similar from that of the French ship subsidy law of thre 
ago, which had the effect of turning the clock backward : 
ing the natural course of development by fostering sailing s 
the expense of those propelled by steam. Such a subs 
satisfy the operators for the time being, but it offers no ine 
the search for improved methods and equipment, and it 
does not represent the proper road to the upbuilding of 
and self-reliant business. Furthermore, the very generosit 
subsidy may discourage efficiency and prevent an energet 
for traffic and attempt to stimulate public interest in flying. W 
the state guarantees all expenses there is no reason to se¢ 
gers, who must be cared for at the terminals with some ex} 
trouble and whose presence on board the aircraft involves t 
of suits for heavy damages in case of any accident, however 
An exaggerated subsidy has the effect, also, of stimulating t! 
tion of lines where there is no important public service to 
dered. An illustration of the extreme disproportion betwe 
of the subsidy grants and the amount of actual business d 
securing them is afforded by the case of a certain French cor 
which, during 1921, received 6,419,000 franes in subsidies 
529,400 franes gross from the public for the transporation 
sengers, express and mail. It should be said, however, tha 
not a typical case, and it is necessary to emphasize again t! 
of the air routes were selected for political reasons and hav: 
economic excuse for being. 

Even the most generous subsidies involve comparatively st 
expenditures, as national budgets now go. In 1921, for examp! 
French air lines covered a total of 1,391,000 miles on a subsid 
25,366,865 franes (about $1,800,000), and this year’s recomn 
budget provided for a grant of 45,250,000 franes. 
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The rates on air lines at the present time under liberal subsidies 
obviously have but little significance, and in many instances they 
are fixed by the government quite without regard to the costs of 
operation. There are a few European countries, however, which 
offer only very moderate assistance in meeting running expenses, 
and two or three lines there, in addition to all those in America, are 
setting along with no subsidy at all. The British subsidy to all 
‘ mpanies combined totals only £95,000 ($425,000), and the passen- 
eer rates on the various routes which those companies serve range 
from 3.8d to 6.6d (Te. to 12¢c.) per passenger mile, including 30 
pounds of baggage for each passenger. The French, who are the 
beneficiaries of one of the most liberal subsidies, charge an average 
of 1 frane (51%4e.) per passenger mile. German rates are, of course, 
still lower. They were equivalent to approximately 2 cents a pas- 
senger mile in the summer of 1922, but the recent gyrations of the 
eurrency make it futile to attempt the statement of any equivalent 
for the rate, either in marks or in gold. The German government 
itself has abandoned the effort, and now awards the subsidy in 
gasoline or the equivalent in currency at the price momentarily 
prevailing. 

The higher of the two British rates quoted above represents 
about the best that can be done on a self-supporting line with at 
least ten passengers traveling each day in each direction and with 
airplanes of existing types. It has been the general conclusion of 
those who have analyzed the subject and prepared hypothetical 
balance-sheets with direct reference to American conditions that it 
should be possible, given that amount of traffic and operating 
twelve months in the year, to run at a small profit with a rate of 
from fifteen to eighteen cents a mile. The operations of the Air 
Mail have given invaluable testimony on that point, and have re- 
moved the estimates from the realm of pure theory, for very full 
reports of all expenditures, including departmental overhead and 
all salaries of officials in any way connected with the handling of 
the mail by air have been compiled each year. The actual cost per 
airplane mile has ranged from 70 cents to a little over a dollar, but 
in the year when the expenditures ran highest a large part of the 
outlay was for permanent improvements to fields and buildings. 
Eighty cents may be taken as a fair average. It.is possible to build 
airplanes, using the same engine as that used in the Air Mail planes 
and costing no more to maintain, which will carry nine passengers 
besides the pilot. If a 78 per cent. load, or seven passengers per 
trip, be assumed, the per capita cost would be 11.4 cents a mile, and 
a rate of 16 cents leaves a 30 per cent. margin for selling expense 
and profit. 
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To reduce this cost, either the flying or the ground 
must be reduced. While there are considerable possibilities 
first direction, possibilities in the production of airplanes 
creased efficiency which will be realized with the further 
ment of design, the greatest saving at the moment can by 
the ground. Air transport at present is being conducted o 
small a scale to be efficient. With one airplane a day in ea 
tion, and an office foree and staff of mechanics at each tern 
at every intermediate stop, the overhead becomes enorn 
seventy passengers each day, instead of seven, the rate s 
down to not more than ten cents a passenger mile, or al 
the charge on extra-fare trains in compensation for 
doubled speed. There should be little difficulty in getting 
at that figure. The actual flying expenses of the Air Mail 
oil, pilots’ salaries, repairs to airplanes, etc.) so far as th 
segregated from other items are about 40 cents an airplan 

Only through large-scale operation, too, can one of the g 
advantages of air transport be realized. All high speeds 
past have been reached by the use of large units of com 
The fastest ships are the largest, and the fastest trains 
heaviest and longest of passenger trains. Only in th 
speed be combined with small size, and only the airplan 
of operation of high-speed vehicles at very short interval 
present demand only justifies the operation of two extr: 

a day between Boston and New York, but one fourth the 
of passengers carried by those two trains would fill a nine 
airplane every 40 minutes during the business day. T! 
usefulness to the business man would be inestimable, but it is 
tial, if the American people are to take advantage of the | 
ties of aircraft, that the development of air transport be t 
and fostered by interests of sufficient financial strengt! 
sightedness to provide the capital needed to start operations 
on a scale large enough so that the airplane service will alw 
available within a few minutes of any desired time and so t 
may present a real saving over the train. There are routes in A 
ica where there is a clear need for such a service to-day. 

The airplane alone has furnished the data for this brie! 
ment of the economies of air transport, and there has been | 
experience in the commercial utilization of any other typ: 
craft, but the airplane will have to divide the field in fu 
the lighter-than-aircraft, the airship. Technical limitat 
such that it is not now possible to operate the airplane 
than 300 miles non-stop with reasonable economy and comn 
efficiency, nor does it seem likely that that limiting distance wi 


tor 
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very much inereased in the future. The airship, on the other hand, 
ean easily make voyages of three or four thousand miles with a good 
commercial load, and it will have to form the chief reliance for 
trans-oceanie aerial travel. It is to airships that the British are 
turning for the projected London-Australia service. 

The load carried by the airship for every unit of power is con- 
siderably greater than the corresponding figure for the airplane, 
and operation is correspondingly cheaper, despite the added item 
of replacements of gas. Although there is little experience on which 
to base an estimate, and will not be, in America at least, until the 
Navy publishes the figures which are to be obtained with Shenan- 
doah and the ZR-3, it is probable that a passenger rate of seven 
cents a passenger mile can be maintained. With an allowance of 
twenty dollars a day for meals, service and other ‘‘hotel expenses,’’ 
the cost of a two-day trans-Atlantic passage would hardly exceed 
the first-class charge on a six-day boat, although it must be admitted 
that the accommodations would at present be somewhat inferior in 
luxury to those on the liner. 

Whether the airplane or airship is under consideration, there is 
one form of assistance which must be secured from the government, 
and which has no relation to a subsidy. It is impossible to operate 
without landing fields, maps; it is impossible to fly regularly and 
safely without meteorological reports broadcasted by radio, and 
other aids to navigation, generally grouped with the landing fields 
under the title of ‘‘ground organization.’’ The provision of these 
things, which will be available for all who fly and will be used by 
all, is solely a government function, as surely as are the establish- 
ment and maintenance of lighthouses along the coast, the dredging 
of harbors and the publication of charts. To propose that some 
company should assume the whole burden, even on a single route, 
ean only be described as preposterous, and there is unlikely to be 
any regular commercial flying on any overland route which has not 
had the benefit of some governmental development. The entire ab- 
sence of overland air transport in America to-day is chargeable 
primarily to the unwillingness of Congress to give attention to the 
needs of commercial aeronautics and to the economic possibilities 
of aircraft. 

Important as is ground organization for all regular commercial 
operation, it is the absolute condition of existence of night flying. 
Obviously, aircraft will not render the full benefits of which they 
are capable until they can give a twenty-four hour service, with 
over-night travel from New York to St. Louis or Chicago to New 
Orleans. So far as the airplane and its pilot are concerned, there 
is nothing to hinder night flying at this moment. The Air Mail 
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has proved conclusively by actual demonstration that 
ean be flown by night with substantially the same safet: 
tainty as during the day, but only on condition that 
gation are provided. Although the airplane itself car; 
which are of great assistance, and avoid the necessity 
lighting the whole area of the landing field to a uniform 
when a landing is to be made, it is still necessary to 
around the edge of the field to define its boundaries a: 
the approaching pilot of any local obstacles such as | 
flagpoles. Such provision must be made not only for 1 
terminals and fueling stations but also for intermediate e: 
fields permitting landings in case of engine trouble. 
Night-flying organization must include the marking 
as well as of the fields. Aerial beacons must be estab] 
twenty or thirty miles, each throwing aloft a beam of suc! 
that the pilot can rely on having at least one light alway 


+ + 


The provision of such lights bears a perfect analogy t 


Ti 


ing of our coasts by lighthouses and buoys, and the 
which has long provided for sea and lake traffic will ha 
much for the voyagers of the air. One experimental rout 
tween Chicago and Cheyenne, has already been equipped, : 
over that route that the Air Mail’s experiment of last Au 
ing which a continuous day-and-night service from coast 
was maintained for a week, was made. The experiment s 
in every detail, but the night service could not be continu 
of lack of funds. 

Experiments in night flying during the past year hay 
concentrate attention on the use of aircraft for expr 
Airplane design has not yet progressed quite to the point « 
comfortable sleeping accommodations. That developm« 
foreseen for a future not very distant, but for the mom 
easier to use existing types for the carriage of cargo when 
travel is involved. Express matter can be carried betw 
York and Chicago at sixty cents a pound, with collecti 
city late in the afternoon and delivery in the other earl; 
morning. The rate is high, compared with that by train, 
saving of time would more than justify the difference of 
certain classes of goods which now go by train, and if 2 | 
of the express traffic which now travels by rail between the t 
were to be diverted to the air routes it would require the o} 
of half a dozen 400-horsepower airplanes in each directio 
night. Already officials of one of the great express compa! 
declared themselves willing to cooperate in securing business 
airplanes and in handling collections and deliveries throug! 
existing organization. 
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In view of the probability of an early development of aerial 
express service In America, it is of interest to observe the trend in 
that same direction in Europe. Although the use of the air lines 
assengers has, as already shown, been steadily increasing, their 


ights on 
¥ OF flood. pee mail and express has in general advanced even more rapidly, 
n brillia especially on those routes which seem likely to make but little appeal 
place lig to passengers. The passenger business between France and Mo- 
nd to way | ~=s roceo, for example, is almost negligible, but the weight of goods 


carried has rapidly increased until, in 1921, it totalled about 35 
tons, for the whole year, while in June and July the present year 
the mail and express for the two months amounted to over 20 tons. 
In April and May, 1922, the total weight of the express and mail 
matter handled by the French air lines running to and from Paris 
was 198,700 pounds, while the corresponding figure in 1923 was 
349,000 pounds, an increase of 76 per cent. Between the same two 
periods the passenger traffic on the same lines increased only 13 
per cent. The absolute figures are still small for all classes of busi- 
ness, but the upward trend of the curve is unmistakable. 

That last statement, indeed, epitomizes the situation. The pub- 
lic has been slow to accept air transport, but there is ample evidence 
to show that progress is being made, and that the airplane is gradu- 

gust, dur- ally coming to be regarded as a commonplace vehicle for the con- 

U to coast veyance of ordinary people and their goods in the ordinary course 

succeeded of business. We shall have occasion for profound regret if America, 
the original home of the airplane and a country always known for 
its quickness to adopt the improved method in transport and in in- 
dustry, continues too long to lag behind the other nations of the 
world in the exploitation by private enterprise of the commercial 
possibilities of aircraft. 
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PASTURE 


By SPENCER TROTTER 


SWARTHMORE COLLEGE 


I 

PasTURE—and the seeking after fresh pastures—has aly 
a fundamental motive in man’s history. In the mist tha: 
that ancient world of men, which we of to-day call 
toric,’’ certain tribes were wandering with their flocks a) 
out of some eastern land—Egypt, Moab, the ‘‘fertile eres 
Mesopotamia and Palestine, the plains of Trans-Caspia 
and westward into Europe, moving slowly, century afte: 
always in search of fresh pasture—in the dawn of histor 
ancient shepherds and herdsmen were a neolithic folk, us 
implements, polished and ground to fine edges and poi! 
later times working out the same patterns in copper an 
in bronze, but all the while pastoral by nature. The m 
record that has come down to us of the life of some of 
is that depicted in the early Hebrew Scriptures, wher 
were essentially wars for fresher and more extensive pastur 
life of these peoples revolved about their flocks and herds a 
language was filled with pastoral allusions—the lamb as ; 
offering on an altar of stones, the blood of bulls and of 
ashes of a heifer, a iand flowing with milk and honey, gre 
tures and still waters—all such expressions could only hav 
out of the life of shepherds and herdsmen. 

In their far-and-wide wanderings the vanguard of thes 
lithic and bronze men encountered a ruder hunting folk, mer 
hunted the aurochs, the red deer and the horse, who stil! 
the retreating herds of reindeer to the north and killed th« 
maining mammoths with their rough stone spears and 
The short space of written tradition which we regard as | 
but as yesterday compared with the thousands of years during \ 
the pastoral peoples spread over Europe from the east in suce 
waves of migration, seeking—always seeking—new pastur' 
Asia Minor their herds of sheep and goats are thought by 
writers to have nibbled and tramped down the grass to its ' 
roots and to have thus, in a land of little rain, prepared the wa) 
the encroaching sands that made deserts of once fertile regions 
forced the grazing herds to move towards lands of more abund 
grass. In those prehistoric millennia the pastoral nomads 


Europe no doubt long dwelt in the midst of the hunting peop’*s 
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the remnant of the old ‘‘reindeer men’’ of paleolithic culture, as 
settlers in a wild land have always dwelt surrounded by savages— 
in North America and in Africa. The once glacial meadows of Cen- 
tral Europe were covered with lush grass, with buttercups, daisies 
and other wild flowers—rich pastures for the increasing flocks and 
herds of the invaders and, as has always been the case in every land 
and age, the wild animals dwindled and the primitive hunting life 
jually disappeared as a dominant feature. 

The question of pasture has always been of vital concern in the 
life of a hunting people as well as in that of the herdsmen. A fun- 
damental factor in the evolution of the human type, wherein it 
broke away from some anthropoid stock of entirely vegetable feed- 
ers, was the acquirement of a more general diet into which the flesh 
of animals largely entered. At first a feeder on carrion, man gradu- 
ally took to killing the large herbivorous beasts that roamed in 
herds over the land, and the wanderings of these game herds in 
their search for new pastures governed the movements of the primi- 
tive hunting population. Wherever the wild herds pastured, there 
were hunters on their flanks, wandering far and wide as the game 
shifted from one territory to another, and the earliest records of 
human history are in the rough spear heads and stone axes of the 
hunter’s craft. In whatever area of the earth man originated he 
spread from this early cradle of the race with the grass feeders, 
slowly widening his range until every portion of the great conti- 
nental land masses was occupied. America was thus undoubtedly 
peopled by some primitive Asiatic group that wandered with the 
deer and the bison herds, and quite likely, too, with early elephants 
like the mastodons, across the Behring land-bridge. It has ever 
been the lure of pasture in human history. 

The influence of pasture began long before man’s advent upon 
the seene. Had it not been in the scheme of plant evolution that 
the grasses came into existence there might have been a very dif- 
ferent creature than man as we now know him. Not until compara- 
tively late geological time did the grass type appear and also flower- 
ing plants like the vetches and clover, the crowfoots, heaths and 
compositae, which with the grasses cover vast areas of the earth. 
Without this abundant food-supply, rank and deep and forever re- 
newed, the great mammalian fauna could not have come into exist- 
ence. In the scheme of evolution man thus appears as one of the 
results of pasture. 


ra 
Piat 


II 
Undoubtedly the most far-reaching achievement in human his- 
tory, next to the discovery of how to kindle and keep a fire, was the 
domestication of certain species of grazing animals. In what way 
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this was accomplished is entirely a matter of conjectur 
lost, as the beginnings of so many human faculties are | 
dim twilight of the ancient world. The outstanding fea} 
achievement of the primitive genius is the fact that no 
stocks have ever been domesticated within the ken of re 
tory, not a glimmer of tradition even has been vouchsa 
of later times as to how it came about. It must be reo 
trait of the primitive mind. If we choose to speculat 
these origins and the absence of any later effort to 1 
other wild stocks we might possibly view their problem 
or more angles; either it came about by the capture an 
the young of certain species and the subsequent disc 
ful qualities in a more or less accidental way, or, by 
reasoning, primitive men deliberately set about to ea 
tame individuals of several species with the view to n 
them in advancing human welfare, and that domesti 
established there was no further need for any new additi 
is archeological evidence to show that domestication of sor 
came to an end and was never again attempted. In cer 
tian reliefs several kinds of antelopes are depicted as being ‘ 
fed,’’ and the species are clearly recognizable, all natives of N 
ern Africa. On the tomb of Mereruka at Sakhara (twenty 
century B. C.) these are shown as tied to their mangers 
wise on the tomb of Kegemni of the same century mentio 
of ‘‘stables of the plateau antelopes.’’ What use tl 
were put to we have no means of knowing. 

There is no doubt but that pastoral life developed out « 
ing life, the animals domesticated having been origina 
for food. All we know is that the wild ancestors of n 
domestic stock have absolutely disappeared, merged p1 
their entirely domesticated descendants. Some light is t] 
this by archeological researches in Egypt where a primit 
ing people during late paleolithic times (men who were cont 
raneous or even earlier than the cave men of glacial Em 
pear to have begun the process of domestication of cert 
species and also of the wild steppe ass of Nubia. Predynast 
of a date not later than the fourth millennium B. C. sho 
sheep and donkeys, species which even at that time must | 
long under domestication. The antiquity of domesticatio1 
is further attested by reliefs showing a milking scene and al 
hornless breed of cattle (tomb of Ti at Sakkara, 28t! 
B. C.). Now the abstraction of milk from an animal by t 
of man would surely argue for a very long period of domesticat 
Several wild stocks may have contributed to the ancestry 
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pasture animals. From the beginning they have been an integral 
nart of man’s existence; without them we can not conceive of 
human history as an advance from lower to higher estates. Their 
reaction on agriculture was of the first importance. Egypt, that 
storehouse of antiquity, reveals in its reliefs how the primitive hoe 
was converted into the ox-drawn plow (plowing scene from tomb 
relief, 26th-27th century B. C. in the Louvre, Paris). 

The relation between agriculture and the pastoral life has a far 
deeper significance than the effect on implements and methods. It 
lies at the very roots of the social state. In primitive times woman 
was the agriculturist and it was by her labor that the earth was 
first made to yield its increase. About her rude home she scratched 
the soil, sowed the gathered seeds of various wild plants and thus 
orew the earliest kitchen garden which insured food for herself and 
her children. It was she who first most likely domesticated the dog 
by the care and nurture of the puppies of some wild wolf-like 
animal that from time to time were brought into the home by her 
men, even suckling them, as has been observed among some tribes in 
Australia and America and as related in certain aboriginal tales 
where a dog is spoken of as a foster-brother. When it came to 
taming the great beasts of the pasture, that was a man’s job and 
was the foundation of the patriarchal stage of society. In primitive 
times the social state was a matriarchate or mother-right, but as the 
pastoral life became more and more a dominating feature in the 
life of the early Asiatic and North African peoples and hunting 
became supplementary, pursued against predatory beasts and for 
sport, man acquired an increasing interest in agriculture and slowly 
took over much of the woman’s share of primitive husbandry. In 
doing this he also took over the woman herself as a possession and 
she beeame part of a social state in which the family was a unit 
governed and controlled by the man. Traditional history opens 
hunt- with this patriarchal stage, the nomadic shepherd and herdsman 
ntempo- being a chief at the head of some clan of several families united by 
ype) ap- blood, continually clashing with neighboring clans for pasture 
1 bovine rights. With this power vested in the man polygamy was a natural 

lief consequence, for the more children a man had to tend the sheep and 

cattle, and sons to aid in the primitive warfare, the larger would 
be his herds and flocks and the wealthier and more powerful he 
became. The abundance of milk furnished by the herds was a fur- 
ther cause of family increase, insuring a steady and sufficient food- 
supply for young children. In nomadic life a man’s household was 
maintained and grew in proportion as he was able to extend his 
pasture. The word ‘‘daughter’’ bears witness to a primitive divi- 
sion of labor in the patriarchal family—‘‘a milker’’—the eternal 
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goddess of the herds in every age and generation, milking 


in byres and on the edge of pastures, at daybreak and 
twilight, since the dawn of history. 


Ill 

Walter Pater somewhere speaks of ‘‘that strange myst 
of a life in natural things, and of man’s life as a part 
drawing strength and color and character from loca! 
from the hills and streams and natural sights and sow 
nothing is this more real than in things pastoral. A | 
tures and the life of pastures is our natural inheritance 
of wild lands may hold us for a time, but the eall of 
ever in our blood and we come back to it as a child 
The smell of grass is as the very breath of our nostrils 
as in gardens, the soul of man finds delight. It may b 
hills where the pastures slope up to the sky-line—rock-strey 
lands with their stone-wall boundaries and the trilling 
sparrows heard in lulls of the wind, or in deep-grass: 
through which some quiet stream meanders. Izaak Walt 
lover of such meadows and ‘‘The Compleat Angler’ i 


eall to pastures as it is to fishing. Listen to this openi: 


his ‘‘ Angler’s Wish’’: 


I in these flowery meads would be: 
These crystal streams should solace me; 
To whose harmonious bubbling noise 

I with my angle would rejoice... 


And again in ‘‘The Milkmaid’s Song,’ 
lowe, which Walton has Maudlin sing- 


Come live with me, and be my love, 
And we will all the pleasures prove 
That valleys, groves, or hills, or field, 
Or woods and steepy mountains yield; 


Where we will sit upon the rocks, 
And see the shepherds feed our flocks 
By shallow rivers, to whose falls 
Melodious birds sing madrigals. 


In the high Alps there are pastures that creep up to s! 
and the edges of glaciers, friendly and home-like places am 


stark peaks. And there are the great unfenced pastures 
world—the African veld, the pampas of Argentina, th 


1 Preface to ‘‘Studies in the History of the Renaissance.’’ 
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North America, the Central Asiatic steppes, where the herds of man 
wander half wild and often in sight of strange beasts. Our settlers 
on the prairies fifty years ago and the early Boer farmers in South 
Africa were witness to this stirring contact with the wild life. 
Gordon-Cumming, when living in Cape Colony in the first half of 
the last century, relates how one evening when his man was bring- 
ing in the cows to be milked four lions appeared on the edge of the 
nasture—an exciting event but not an uncommon one on South 
African farms at that time and even to-day in such regions as Brit- 
ish East Africa and Northern Rhodesia. 

This touch of wild life is in every pasture. The wary fox crosses 
the open stretches of grass and will sometimes stop to dig out a 
feld mouse. On mountain farms in old settled districts a bear oe- 
easionally shows himself along the forest border of fields where 
cattle and sheep are feeding. Old Peter Little once told me, as we 
stood by his house in a hemlock clearing up in the Pennsylvania 
mountains, that when he was a young man wolves killed the stock 
on that same mountain farm, and he swept his hand towards the 
edge of the woods where he had seen them skulking in the dusk. 
The woodechuck still makes his home in our pastures, scuttling into 
his burrow at sight of us, and the skunk and weasel peer out from 
bordering thickets. Since the country has become domesticated 
many kinds of birds frequent the grasslands—the call of the bob- 
white in early summer is the very spirit of old pastures, the 
meadow lark flushed from grassy cover, the killdeer wheeling about 
with its wild ery, the strange cowbird walking among the cattle, 
the seattering flocks of grackles and redwings in autumn and their 
return in early spring, the crows foraging in winter—all have the 
pasture as a background and help to cast that spell, that mysterious 
feeling of delight, of release from the sordid things of life which 
the true lover of the countryside knows so well. And the same is 
so with the pasture blooms—the white patches of spring beauties 
and bluets, the later gold of buttereups, the meadow-sweet and the 
daisy crop, the blue iris in moist places, lavender-topped grasses, 
hellebore and St. John’s wort, and the rank pasture growth that 
comes at the end of summer—iron-weed and boneset, the milkweeds 
and thistles, the lobelias and gentians, and along old fences and 
stone walls the autumn-blooming asters and goldenrods. These 
later blooms of the pasture exhale a peculiar fragrance, heavy and 
medicinal, that stirs up something in the subconscious that is inde- 
finable but altogether delightful. It is a part of that strange magic 
which reveals the kinship of man with natural things—with what 
William Sharp calls the ‘‘green smell of grass,’’ with freshly 
turned plowland, and the smell of woods. 
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Certain races are countrymen at heart, even t!] 
majority are doomed to dwell in cities. The old Am 
the stock that sprang from the loins of western Eur 
seventeenth century, has this fortunate heritage—th: 
and of open country. Agriculture first induced perm 
ment in certain fertile river valleys, and centralizatior 
a natural consequence, for man has ever been a buyer 
of commodities. But the most ancient coin carried 
an ox on its face, and this meant pasture. The grass 
crops have always been grown to feed the herds, to car: 
periods of shortage when the fresh grass was scanty. 
and milk have largely made man what he is, but it 
after all, that enters into his being—by his very natu: 
of it. It is this that is the real life of man—this 
foreordained to bring about the human type. ‘‘ All fl 
has thus a deeper meaning than that of a transient existe: 
it was intended to symbolize. It is man himself, and n 
bodily organization but his mind also is an expression 0 
mental relation. It comes to many of us as an interest 
mal life of the world of which men are but a part; t 
love of woods and fields, of old farm holdings on hill 


+ 


valleys, of wide prairie lands and wild places of the « 


artist and the poet tell of this feeling on canvas and 
page. In every man who is alive to these influences th: 
lished in his soul something that is primitive and whic! 
some sight or smell or sound that recalls the agelong intimat 
tion of his race with things pastoral. 
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SOME HISTORICAL ASPECTS OF EXPERI- 
MENTAL PHYSIOLOGY 


By Dr. GEORGE R. COWGILL 


YALE UNIVERSITY 


As is well known by students of the history of science, the ex- 
tensive use of the experimental method as an agent with which to 
find new truths began during the early decades of the nineteenth 
century. To be sure, definite experiments were resorted to by 
many scientists before this time, notably Galileo, who experimented 
with the pendulum, Newton, who studied the dispersion of light by 
a glass prism, and Harvey, whose classical investigations led to the 
discovery of the circulation of the blood. Such instances, however, 
were unusual rather than common and, if viewed from a sociolog- 
ical standpoint, may be regarded rather as the expression of that 
surging spirit of unrest suffering repression, which Rousseau has so 
aptly expressed in the words, ‘‘man is born free and everywhere 
he is in chains.’” The number of men in any one century before 
the nineteenth who thus rebelled against the sway of ignorance and 
strove to overturn its rule was small; compared with the number of 
those who thus labored during the past one hundred years, it seems 
to become very insignificant indeed. 

Such a condition is not difficult to understand, however, when 
the social fabric of those earlier centuries is considered. Reverence 
for authority was to be found in the field of medicine and biology 
as well as in the domain of theology. This fact alone should teach 
us how remarkable is the hold and influence upon all society of such 
intangible things as the psychological factors in life, ‘‘modes of 
thought,’’ ‘‘social ecomplexes,’’ ‘‘mores,’’ or whatever one chooses 
to call them. For nearly fifteen hundred years the physiological 
concepts that were taught were those of the great Roman physician 
Galen. Vesalius in 1542 was the first to protest against Galenic 
authority in anatomy when that authority failed to agree with 
anatomical truth as revealed to the naked eye by skillful dissection ; 
but in spite of the emphasis which this gifted man placed upon 
accurate observation of nature alone, so few were the workers who 
used the scientific method even moderately that the world had to 
wait for nearly seventy years before such an individual appeared 
in the person of Harvey, who solved by definite and carefully 
planned experiments the great mystery of the passage of the blood 


from the right to the left heart. 
Vol. XVIIL.—26 
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Previous to the nineteenth century physiology as an inde) 
ent science did not exist. During the eighteenth centy; 
earlier this subject was taught as a phase of anatomy, the f in 
of organs being discussed by the teacher at the same time that ; 
structure was being studied. 

Stenson, whose ‘‘Observationes Anatomicae’’ was publish; 
1662, referred to the physiological studies, of which he was 
nizant, as anatomical experiments. In an appeal on behalf , 
practical value of science he said: 


It may be shewn abundantly elsewhere how much medical pract 
the anatomical experiments of this age, even if it were only for this t 
have exposed the numerous errors which occur in the explanation of t 
of disease and at the same time shewn the reasons which have ¢ 
application of remedies to be in most cases erroneous. To those w! 
value of science I would give as an answer this demand that they s 
their own consciences and see what solid basis there is for all thos 
which they pronounce with such bold ease when they explain the sympt 
apoplexy, paralysis, convulsions, prostration of strength, syncope, ar 
diseases affecting animal movements, on what foundation they rest w 
apply remedies for removing these evils, with the result that they 
with the paralysis, not with the convulsion, but with the paralyt 
convulsed man.1 


As is the case to-day, one of the important posts in the med 
schools of that early day was the chair of anatomy; a survey of t 
various medical schools of the time of Boerhaave and Halle: 
eates that any teaching of what is now understood by the 
physiology was done by the professor of anatomy. Even H 
who is now remembered as the immediate forerunner of mod 


his living teaching anatomy, first in his native town, Berne, Switz 
land, and later at the University of Goéttingen, which Georg 
of England, also Elector of Hanover, had just founded. 
Haller’s own published works furnish an excellent examp! 
the close relationship which existed between anatomy and phys 
ogy and the dependence of the latter upon the study of struct 
as the raison d’étre for its own study. Gdéttingen was provi 
with a very good anatomical theater, and from dissections n 
there Haller produced a set of most beautiful anatomical drawings 
which he published between 1743 and 1753. Vesalius had 
lished his famous ‘‘Structure of the Human Body’’ a centu! 
fore (1542), and even Haller’s master Albinus had made drawings 
of interest to anatomists. These earlier works, however, were ¢0! 
paratively coarse, those of Vesalius made so because that maste! 


1 Quoted by M. Foster, in The History of Physiology, p. 285. Cambricg 
University Press, 1901. 
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had no microscope, and those of Albinus because only separate 
parts, such as a muscle, a nerve or a vein, were drawn. In Haller’s 
plates were first shown the different nerves and vessels attached in 
their right position, and—what is most interesting—to each plate 
was added a complete account of the function or use of the part 
drawn. Haller’s drawings were so accurate and full of detail and 
required so much time to prepare that in seventeen years, with all 
the help he had, he was not able to complete the description of the 
whole human body. 

The word physiology comes from a Greek word which may also 
be translated as natural philosophy. Among all the many sciences 
which have developed from the scientific renaissance of the nine- 
teenth century as offshoots from what was formerly called natural 
philosophy, physiology alone has continued to use the old mother 
term; in this particular instance, however, the word has been re- 
tained but with its meaning greatly altered. When one endeavors to 
determine the precise origin of the modern science of physiology by 
fixing upon a definite date or individual or discovery, he meets with 
a real difficulty: if his own scientific training has been essentially 
in or closely related to the field of chemistry, he may regard 
Lavoisier as the real founder of modern physiology; on the other 
hand, all the German students of the history of science have seen 
in the person of the great Johannes Miiller the first of the really 
modern physiologists. 

While such uncertainty appears to envelop the origin of this 
science, much interest does attach to the fact that in 1824—one 
hundred years ago—appears to have been given the first course of 
instruction in anything like what is now understood by the words 
experimental physiology. 

In 1822, a young Bohemian scholar, Johannes Evangeliste Ritter 
von Purkinje, was called from a lectureship in anatomy at Prague 
to the chair of physiology at the University of Breslau. This 
young teacher, after following for two years what was to him the 
old-fashioned method of teaching this subject, decided to change 
the method. What greatly impressed Purkinje was the lack of any 
really exact knowledge concerning the functions of organs and the 
predominantly theoretical and speculative character of all work in 
this field. Few if any original experimental investigations were 
being made in physiology anywhere; the theories of Boerhaave, 
Haller and other old masters formed the subject-matter of dis- 
courses in this science. In 1824, therefore, Purkinje began illus- 
trating his lectures by a variety of experimental demonstrations in 
order that he might arouse among his students an interest in physi- 
ology as a subject quite worthy of study for its own sake. So far 
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as can be ascertained, this was the first course in anything 
perimental physiology. 

As has so often been the ease, this great heritage in < 
its beginning under rather inauspicious circumstances. 
able class rooms were not suited for such work as Purkinj 
to do. At first the demonstrations were held in a sm 
attached to the department of anatomy; later the physica 
tory was utilized for this purpose. In 1831 Purkinje 
authorities to erect a special building for physiology, a1 
quest was refused. Discouraged and despairing of fin 
for his growing subject in the laboratories of the univer 
kinje gathered up his instruments and departed with 
home, where under most unfavorable conditions he cont 
the establishment of physiology as a separate science 

In 1830, after the university had refused to purcl 
pound microscope for the physiology department, Pu: 
the assistance of friends, secured one himself at a cost 
dollars: it was with this instrument that he first noticed 
cells of the cerebellum which bear his name. 

Purkinje studied a variety of problems in the field 
ology and anatomy. In 1823 he described the now w 
method of investigating the structure of the retina by ol 
of what is seen after a flame has been waved beside th 
years later, in a study of the origin of the bird’s egg vy 
ovary, he made the important discovery of the germi 
which came to be known for a long time as the ‘‘ Purkinje ) 
His contributions to histology included descriptions of t] 
ture of bone, cartilage, blood vessels, glands of the stoma 
ducts of the sweat glands, and culminated, from the sta 
the interest aroused, in his announcement in 1837 at a meet 
naturalists in Prague of his discovery of the axis-cylinder 
cells. At this same meeting he expressed the opinion t! 


terior of many organs is composed of cells and nuclei, a! 
which may be regarded as a foreshadowing of the cel! the 
Schwann’s investigations definitely established only 


later. 

All these discoveries, together with Purkinje’s grow 
as a teacher, led finally to the establishment by the govern: 
1839 of a separate institution for the teaching of phys 
for physiological research. For twenty years after his dr 
thus been realized, this great teacher and investigator | 
Breslau. His service as an advocate had been successtt 
ology had indeed come into her own. 

Perhaps it would be an exaggeration to say that Purkin) 


at Breslau was the leaven which developed the loaf of ph; 
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‘n Europe; doubtless many other factors contributed to promote 
interest in the experimental side of this subject. The experimental 
method was being used extensively in other fields of endeavor, and 
each great discovery resulting therefrom in physics, chemistry or 
biology only served to give impetus to the forward movement which 
the seientifie spirit was making. Mere mention of the fact that 
among Purkinje’s contemporaries were such men as the chemists, 
Berzelius, Dumas, Liebig and Wohler, the great mathematician 
and physicist Helmholtz, and the biologists Magendie, Schwann, 
Johannes Miiller and others, should suffice to indicate how much 
the development of physiology after 1824 was due to a great wave 
of seientifie endeavor which gained in power as each decade passed. 
With the growing interest in the search for new facts concerning 
the physieal universe, physiology, together with the other sciences, 
profited, new institutions for the study of functions of organs de- 
veloped and other illustrious names appeared in this field, among 
them Du Bois Reymond at Berlin and Claude Bernard at Paris. 
A detailed account of the advance in the field of physiology made 
after the establishment of the institute at Breslau would fill a large 
volume and would be essentially the story of modern physiology ; 
certainly, after glancing over the accomplishments made during the 
past hundred years following Purkinje’s course in experimental 
physiology, few will be found to deny that in this case at least 
‘wisdom is justified of her children.’’ 

It is of interest to know something regarding the later history 
of the institute at Breslau. In 1859 Purkinje resigned his pro- 
fessorship and returned to Prague, where he took an active part 
in Slavie national movements and politics and gradually withdrew 
from endeavor as a scientist. His successor at Breslau was a young 
man, twenty-five years of age, Rudolph Heidenhain. 

The fame which the Breslau Institute achieved under Purkinje’s 
directorship was in no way dimmed in later years when Heiden- 
hain was in charge. This great teacher and investigator, to use the 
words of Professor Carl Voit, ‘‘soon began and ever after displayed 
a fruitful scientific activity and trained many students to whom 
his conscientious and unflagging zeal for the work was an inspiring 
example; in such a manner did he fulfill the confidence placed in 
him to the highest degree.’’ His studies of secretion were masterly, 
and ineluded not only observations of the phenomena of secretion 
but histological examinations of gland cells both in a resting and in 
an active condition. The Heidenhain monograph concerning secre- 
tion, which forms a large part of the fifth volume of Hermann’s 
Handbuch der Physiologie, is one of the classics of physiological 
literature. During these days of 1924 when over-specialization and 
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independent activity seem to be unduly emphasized and ; 
some measure to affect the quality of research being done, 
hain’s method of studying secretion may teach a lesson of | 
of cooperation and completeness in physiological research. 

Under Heidenhain’s inspiration the great Russian se! 
physiology was founded. Pawlow’s remarkable studies 
tion, for which he received the Nobel Prize, involved 
method of operative procedure which was an improvem 
method devised by Heidenhain. Thus may the Pawlovw 
at the Imperial Medical Institute at Petrograd and all it 
ing contributions to physiological knowledge be regard 
spring of the Institute at Breslau. 

Heidenhain’s influence extended also to other parts 
and even to America. The prominent English physiolo 
fessor Ernest Starling, now at University College, Li 
ceived his training for the study of problems concerning thy 
from the Breslau master. Among the American students w! 
received inspiration for their life work may be mentioned 
fessors W. T. Porter of Harvard and Lafayette B. Mend 
University. 

How does the future outlook for present-day physiologists 
pare with that which Purkinje must have visualized? 0 
one can only speculate as to what the Breslau teacher 1 
thought as to the possibilities in the scientific study of 
That new and important generalizations would be made, h 
have realized, for we know that he was learning to think 
of the cell theory several years before Schleiden and Schwa 
nitely established this conception. Purkinje’s scientific caree1 
full of achievement, and that fact alone may be taken as ind 
that his was an active mind alive to the possibilities in 
and anxious to realize them. 

Present-day physiologists frequently hear a note of pessil 
regarding the future outlook of their science, usually 
dents who have not been taught the directions along whic! 
logical advances are being made and stimulated to feel t! 
are caught in a great current of enthusiasm which will carr 
on to new and worthy accomplishments. Surely the present 
may be regarded every bit as promising as that which physiolog 
living a century ago faced. It might safely be said to be eve! 
promising, for the circle of knowledge—to use Herbert Spe! 
figure—has become much larger and the number of points at © 
the known touches the unknown outside the circle of circun 
has correspondingly increased. A host of problems still remail 
be solved; the vast majority of them have come into being sin 








ment 


laborat y 


Ogist, Prop. 
ondon,. re. 
the lymph 
$ who thus 
oned Pro. 


el of Ya 


_ he 

in terms 
ann ¢ 
reer was 


ndicating 
this field 
essimism 
rom stu 
1 physio- 
hat they 
ry them 
outlook 


— : 
lOLOGISTS 


en more 
yencer § 
t whi 
ferenct 
main t 


simply 





EXPERIMENTAL PHYSIOLOGY 107 
as a result of discoveries that have already been made. New inter- 
relationships of organs remain to be learned; the mysteries of many 
ductless glands are still with us; the réle of such an unsuspected 
factor in nutrition as sunlight furnishes numerous problems for 
the detective in physiology to unravel. These are only a few of the 
many possibilities of service for the advancement of physiological 
knowledge which are still open. Given the scientific insight which 
Purkinje had, and a similar undaunted spirit which insists on find- 
ing a way around obstacles, there is no reason whatever why the 
twentieth century physiologists can not hand on to their successors 
of the next century a heritage of achievement as large and as 
worthy as was received by them from Purkinje and his contem- 
poraries, Heidenhain, Bernard and the many others of the past 
hundred years. 
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THE ORIGIN, NATURE AND INFLUENCE op 
RELATIVITY’ 


By Professor GEORGE D. BIRKHOFF 


HARVARD UNIVERSITY 


II. THe NATURE OF SPACE AND TIME 

W8ILE the historical survey of the development of t] 
of space and time is of essential value, only a direct logical] 
on the basis of the known experimental facts gives a sati 
understanding of their real nature. Such an analysis in 
clearly why the space-time of relativity can be considex 
nearly adequate than the classical space and time, and yet 
concrete and simple. As a preliminary step in this direct 
elementary facts of everyday experience will be stated ip 
dently of any particular theory. These are the same, whatever 
mate theory may be required to explain the physical univer 
to the last ascertainable detail. 

A. fundamental characteristic of everyday experienc 
rangement in the order of time. Sensations are experienced 
cession, and are recalled in the same succession as that in whi 
were experienced. There is also a flow in external natur 
parallel to the flow of the stream of consciousness in the indi 
Indeed, for the events which come within the range of im: 


personal experience, sensations and the corresponding ev 
correlated in time without further question. It is true t! 
sionally a slight readjustment of this naive interpretatio: 
quired, as when thunder follows lightning and it is realiz 


} 
| 


sound takes time to travel. Owing to the extraordinarily) 


velocity of light, it is never necessary to make an allowance 
same sort for light in ordinary experience. 

It is very important to grasp the truth that a complete a 
parallelism between sensations in the individual conscious 
events everywhere throughout the physical universe, imply: 
solute simultaneity, can not be established in any simple wa} 
example, the attempt to correlate events as happening whe! 
was abandoned when the successive eclipses of Jupiter’s sat 
were observed to take place at smaller intervals of tim 
Jupiter and the earth were approaching one another than 


> 


receding. This anomalous result was accounted for by Rod 


1 Lowell lectures. 








CE OF 


coneents 
analysis 
Sfactory 
ndicates 
d mor 
equally 
ion. the 
ndep n- 
ver ulti- 


sc down 


its ar- 
In sue- 
ch they 
nearly 
vidual. 
nediat 
its art 
t ocea- 


is re- 


lL See! 


ellites 





RELATIVITY 409 


1675 by means of the finite velocity of light. The complete failure 
of such a correlation of events is brought out even more clearly by 
a hypothetical experiment like the following. Imagine that two 
observers A and B on two mountain tops, at a distance of one hun- 
dred miles from each other, send out flashes by means of revolving 
mirrors so that A sees B’s flash simultaneously with his own. Then 
B will see A’s flash about one thousandth of a second later than his 
own, and not simultaneously. 

Thus it appears that the notion of absolute simultaneity of 
events requires physical definition by means of a technical process, 
and will have real meaning only if that process is unique. Our pre- 
conception that there exists such a significant correlation of events 
is based on the illusion of everyday experience that events happen 
when seen. 

With these reservations, the notion of measurable time on the 
earth, call it earth-time, may be accepted as a working hypothesis. 
This time is measured with maximum precision by means of clocks 
at rest on the earth. Highly technical methods are used for syn- 
chronizing clocks far apart on the earth’s surface. 

In the stream of consciousness external objects called material 
bodies are identified and have a peculiar permanence. Among these 
are various nearly rigid bodies, possessing nearly constant size and 
shape. A piece of steel furnishes a good example. The comparison 
of such bodies by direct superposition leads to the concept of dis- 
tance as determined by means of the ruler. In fact, take two simple 
rigid bodies of the very special type called straight edges. These 
can be exactly superposed in a variety of ways, and in particular 
so that any point of one coincides with a prescribed point of the 
other. Now let A and B be two points of the first straight edge, 
and let A’ and B’ be the two superposed points of the other. Place 
A’ on B, and let C be the point of the first which falls at B’. Thus 











‘= 
La 8 | 
we can mark the set of equidistant points A, B, C,.. . on the first 


straight edge, which can now be used as a ruler for measuring dis- 
tances. Likewise, it is possible to construct a protractor for meas- 
uring angles. The laws of Euclidean geometry embody the results 
of approximate measurement in most convenient form. These laws 
are not to be taken as exactly applicable, particularly since no 
bodies are completely rigid. 

An elaboration of these geometric ideas, in which the earth is 
taken as a rigid sphere of reference, gives rise to what may be called 
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“arth-space. The position of a body in earth-space m 
fied by giving three spatial numbers, e.g., latitude, }; 
distance above sea level. 

These systems of measurement of earth-space a1 
may be usefully combined. Any terrestrial event may bh 
specified by naming the instant of earth-time and the p 
space with which it is identified. 

It is also evident from everyday experience that lig 
from definite material bodies like the sun, and oceupi: 
lines in earth-space in accordance with simple optical laws 

A physical theory will be held reasonable by the lay 
explains these properties of space, time and light, as wi 
further physical facts that may have come to his knowledg 

Our concern is not with such a superficial explanati 
obvious facts of everyday experience. It is entirely wit! 
damental kind of explanation which aims to provide a e 
exact account not only of these facts but also of those dis 
the more searching processes of the laboratory and obs 
How was it possible to advance in astronomy except by 
geometry which makes precise the spatial intuitions, an 
the telescopic lens shaped with an infinite care so as to suppler 
the feeble powers of direct observation? By such means 1 
ical universe has been found to be subject to highly exact |: 
far as the underlying theory has been revealed to man, it 
ever more unified and grandiose. 

Let us turn then to examine spatio-temporal law in so! 
spirit. It is well to begin here also by stating what are c 
to be the facts in the theory of absolute space and tim 
accepted, and what are conceived to be the facts in the t! 
relativity. In this way it will appear that there is a great } 
common to both, so that the divergences are minor by co 
and the new theory is equally simple and concret: 
doing it will be possible to give intelligent consideratio1 


question of the logical analysis of space and time. 
According to the classical theory there are two princi 

tions which must be satisfied before the spatial comparison 

rial bodies (taken to be at the same temperature) becomes | 


in any exact sense. All bodies in nature are elastic. Eve 
of steel lying upon a table is flattened by the force of gravit) 
sequently, a first condition is that the bodies are small and 
distance from any large bodies, so that such gravitation: 

is negligible. Furthermore, if such bodies are in a stat 

a similar condition of distortion will ensue because of 1 
centrifugal forces called into play. Hence it is necessar) 





ion ot T 


1 that fun- 
lot 
nplete and 
‘overs ] hy 
servator 


means 


by US‘ 


ome sy 


Concelved 


t deal In 


m parison 


ttor 
After s 








RELATIVITY 


that there be no rotation. Under these favorable circumstances the 
body may be said to be undisturbed. When two undisturbed bodies 
are placed in contact they will continue in contact, and exact meas- 
yrement by superposition becomes possible. The laws of Euclidean 
eeometry will then be found to hold with maximum exactitude, ac- 
cording to the classical theory. 

It is precisely the same in the theory of relativity. Small bodies 
at a considerable distance from any large one may not be rotating, 
so that no centrifugal forces are called into play, and then may be 
said to be in an undisturbed state. When placed in contact their 
measurement by superposition becomes possible, and the laws of 
Euclidean geometry will hold with the same degree of exactitude. 

Even so, the degree of accuracy to be expected will not be com- 
plete if matter is atomic, because of atomic agitation. It may be 
assumed that the atoms themselves are made up of perfectly elastic 
bodies carrying electric charges, and the difficulty will thereby be 
turned. However, our knowledge of the nature of the atom is so 
incomplete that this is not much more than a subterfuge. It must 
be admitted that neither the classical nor relativistic theory gives 
any adequate account of the fine structure of matter. 

Further measurement by means of light rays and Euclidean 
triangulation from any undisturbed reference body yields the posi- 
tion of other such bodies as if all these bodies were at rest in an 
augmented body or medium in which the rays of light occupied 
straight lines. Any point of this hypothetical body may be called 
a point of space, whether or not an actual material body exists there. 
If there is no such body the space is said to be empty at the point. 
There is sometimes a tendency to find a lack of reality in the idea 
ofempty space. This is due to a vague appreciation of the fact that 
space like number is an abstraction, although both are extremely 
useful. The physical properties noted when a material body is 
brought to a point of empty space are entirely definite. If a lighted 
match is placed in empty space (i.e., in a vacuum) its flame is 
quenched; if a small balloon full of air is placed therein it ex- 
plodes. 

It will be observed that the space which has been defined is the 
relative space about an undisturbed reference body. At this stage 
a difference of nomenclature between the classical and relativistic 
theories appears. Undisturbed bodies may be moving with respect 
to one another. In the relativistic theory the space defined by any 
one such body has precisely the same significance as any other, while 
in the classieal theory a particular body is singled out as absolutely 
at rest, and is used to define an absolute space. Nevertheless, as far 
“= the simple experimental methods used above are concerned, no 
difference will appear in the various spaces. 
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The laws of any such space have been stated to be Eye! 


It is distinctly worth while to pause and consider how sj; 


reasonable these laws are. The simplicity is often obseu: 
effort at logical completeness, whereas if the logical de 
posed are only such as would have satisfied the early Gre: 


metrical laws are very easily understood. 

Any (undisturbed) body is made up of parts. T 
such part is indivisible and is called a point. The simp 
containing two distinct points is a straight line, an ey 
which is afforded by any ruler. Two such straight lines 
characteristic property that they will coincide through 
coincide in two distinct points. The plane is the simplest | 
taining three distinct points not in a straight line. Two pla 
coincide throughout if they coincide in three points 
straight line. 

Plane geometry deals wholly with the relations of th: 
a plane. The facts concerning geometry in the plane 
in space) can be taken to repose upon the following 
sumptions. 

I. Measurement of distance in a line can be mad 


the ruler. 





II. Measurement of the angle between lines can be 
means of the protractor. 











III. One and only one straight line contains two giv: 





IV. The plane is alike and even similar to itself in all 


It is only as applied to triangles to the extent indicat 
adjoining figure that this assumption is required. 











RELATIVITY 113 














© 
simp] c 
red by ay 
mands lm- a al / 
reeks B 
” 
{ SI ~ . ’ . . , 
There are three propositions which follow readily from I-I\ 
DLes ‘ . . , 
. and are of central importance for the rest of geometry. We pro- 
Xampl pune °°” : 
Gh, ceed to state and ‘‘prove’’ these briefly. 
nt V. The sum of the two angles less than 90° in a right triangle 
Al 
h ' is 90°. 
The proof may be made as follows: Bisect the sides of the right 
Nat Ss \ " “ ° » ° ° 
, triangle, by I. Join the three points of besection by three straight 
arts 
pas b 
1d Ind 
four 
b 
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lines, as may be done by III. The three small triangles touching the 
three corners of the given right triangle are then clearly similar to 
that triangle in accordance with IV, with corresponding sides half 
m as great. The same is seen to be true of the interior small triangle. 


Hence the angles labelled a and b are the same, and it is apparent 
that when these are added by means of the protractor in accordance 
with II, their sum is 90°. 

VL. In a right triangle the side opposite the right angle is re 
lated always to the other two sides as in the ease of the 3, 4, 5 
triangle when 


3? +- 44 — 5? 7.¢.,9-+ 16 —25. 





In the following discussion we shall show that a right triangl 
with sides adjacent to the right angle in the ratio 3 to 4, will have 
the side opposite that angle represented by 5. To prove it *‘in gen- 
eral’’ by the same method requires a little elementary algebra. 

Consider the first triangle below in which the sides adjacent to 
the right angle are represented by 9 and 12 and therefore in the 
ratio 3 to 4. The numbers 9 and 12 are chosen instead of 3 and 4 
to avoid fractions later. 








THE SCIENTIFIC MONTHLY 














This triangle, in which the remaining side is to b 
clearly similar to the second right triangle with sides ad. 
the right angle in the ratio 12 to 16, as follows from IV. 

If these two triangles be joined together so that th 


} 


sides coincide, a larger triangle is formed, of which thx 





a 





25 


is 9-++-16 or 25 by I. The opposite angle is the sum of 
angles which appear in each of the two component triangles. H 
this opposite angle is 90° by V, and the triangle formed by t 
bination is a right triangle also. The new right trianek 
tained is similar to the previous ones, since its angles ar 

We are now sufficiently advanced in our knowledge t 
magnitude of the required third side of the first triangl 
side is 15, the side 9 of the first triangle will be in the same 
to this unknown side as that side, taken as belonging to 
bined triangle, bears to the side 25 in that triangle, for 9/1! 
15/25 are both 3/5. On the other hand, if that unknown s 
more or less than 15, these ratios can not be equal sinc 
be less than 3/5 and the other greater. Thus the third sid 
actly 15. The remaining side of the large triangle is of « 
Hence it appears that if the sides adjacent to a right angl 
triangle are represented by 3 and 4, the side opposite that 
represented by 5. 

The last proposition which we shall state is the following: 

VII. Any two lines at right angles together with all t 
at right angles to them form a network of rectangles. 
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The truth of this statement is apparent from the same figure 
as we used in the proof of V. 

It will be found that with the aid of the propositions I-VII it 
sa very easy matter to establish the main facts of elementary geom- 


} 
A 


etry which are really useful in its simplest applications. 

The way in which many salient truths of geometry are incor- 
porated in ordinary experience is astonishing. A host of relations 
between points, lines, planes, etc., are constantly apprehended at a 
single glance. Consider the obvious fact that if a man walks three 
miles east and then four miles north, he will arrive at the same 
destination as if he had first walked north four miles and then east 
three miles. This is a truth closely related to VII. There are many 
similar obvious facts embodying geometrical truths. 

The preceding formulation of the methods and laws of spatial 
measurement indicates that there is no difference in the meaning 
of these for the old or new theory. The same is true of temporal 
measurement in its most fundamental aspect, as will be explained 
immediately. It is only in the interrelation of space and time that 
a difference will be found to exist. 

Let a tuning fork be in an undisturbed state in the space which 
it defines, and afterwards let it be set in a state of slight vibration. 
Each point of the tuning fork will then execute a periodic vibration 
about a point of that space, and thereby give a means of measure- 
ment of the lapse of time, i.e., a clock. This is a perfect clock for 
any theory yet considered, as far as indicating lapse of time is con- 
cerned. A clock may be defined to be any small mechanism which 
serves to indicate equal intervals of time in its history. Clocks are 
omnipresent in nature, and the vibrating atom of any element is a 
kind of ideal clock. A clock merely measures duration where it is, 
i.e., local time. 

The simplest method of comparing time at different places on 
an undisturbed reference body is by moving clocks very slowly from 
one place to another, so as not to interfere with their action. An 
alternative equivalent method available for a distant event is to 
take its time of happening as midway between the time of a light 
flash from the body reaching the point when the event happens and 
the time of the reflected flash returning to the body. By these 
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means simultaneity and time, as well as space, may b 
ically relative to the undisturbed reference body chos 

It is to be especially observed that the actual ply 
employed in constructing the system of space and tin 
are identical in both theories. 

In nature no completely undisturbed bodies are 
although some are nearly in such a state. Some suc! 
ence is used to set up a specific system of spac 
query naturally arises as to whether it is not possi 
space and time otherwise than by means of smal] 
reference bodies. The answer is that the corrections 
processes then required are extremely technical. ( 
heavy elastic sphere at rest in the absolute space ot! 
theory ; a first requisite for its use in space measurem: 
plete knowledge of the theories of elasticity and a 
all cases and no matter which theory is adopted, the p 
exact spatio-temporal measurement otherwise than as st 
extremely arduous one. 

There is a slight difference in the spatio-temporal 
are conceived in the two theories. In the classical 1 
a particular undisturbed reference body, absolutely 
which the statement of physical law assumes a superi 
For it, light travels with the same velocity in all direct 
shape and size of other undisturbed bodies in relative 1 
at an instant of its own absolute time, are the same as if t 
were at rest. In the theory of relativity every undistu 
ence body defines a relative space and time which has 
validity as that of any other such body. To counter! 
increase in simplicity, however, there will exist a modifi: 
shape and size of an undisturbed reference body in re] 
as obtained by the indirect optical method, although 
no modification if the dimensions are determined | 
spatial measurement. 

It is particularly important to understand the m 
to which the notions of time and simultaneity are subje: 
passage from the old to the new ideas. 

In whatever way time may be determined, there is o1 
unconditionally demanded, namely, that it be impossibl 
events subsequent to their happening. If a wireless sig 
from Boston at exactly 12 o’clock, it must not affect th 
receiving station before that hour. Similarly, if a sig: 
from New York at 12 o’clock, it must not reach Boston bi 
hour. However, since the signal only takes about on 
dredth of a second to pass back and forth, it is clear 
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single demand upon the notion of time has fixed simultaneity to 
within very narrow limits. Now there is no known velocity which 
exceeds that of light and electricity. In fact, such a velocity seems 
eontrary to the essential constitution of nature. Hence this kind 
of simultaneity appears to admit of no clearer definition. It may 
be termed ordinary simultaneity. 

Absolute simultaneity is of an entirely different character. It 
implies the existence of a uniquely defined system of time measure- 
ment, with the aid of which the statement of general physical law 
obtains its maximum simplicity. For example, the law of gravita- 
tion formulated by Newton for classical physics will only hold if 
absolute time is used in the measurement of the gravitational ac- 
eeleration of bodies. Such is the absolute simultaneity of classical 
physies. 

On the other hand, if some specific system of time measurement 
is taken which yields the maximum simplicity of physical laws, and 
yet there exist other systems for which the same laws hold, then 
there is no such thing as absolute time or absolute simultaneity. 
This is the situation in relativity where the various systems of time 
measurement for undisturbed reference bodies are equally valid. 

Thus the absolute time and simultaneity of the classical physics 
are replaced by a relative time and simultaneity dependent on the 
undisturbed reference body selected. The new simultaneity meets 
the fundamental demand first imposed. 

There is a third kind of simultaneity which may be called 
transcendental. If the mind of Deity envisaged events in a tem- 
poral order, there would be defined a transcendental type. Sim- 
ilarly, if telepathic communication became possible and was 
found to be instantaneous in the sense that immediate communica- 
tion back and forth was possible, then a species of transcendental 
simultaneity would be thereby defined. The validity of any tran- 
seendental simultaneity is entirely speculative, of course. 

Einstein was the first to realize that it is not necessary to hold 
to the notion of absolute time. While absolute space had not been 
securely defined in the Newtonian theory, absolute time and its 
attendant concept of absolute simultaneity had never been ques- 
tioned before. The cornerstone of Einstein’s logical analysis of 
space and time declares the abandonment of the unnecessary hy- 
pothesis of absolute time, at least until it is called for by the 
physical facts. This implies that the notion of a rigid body must 
be held in abeyance, too, since the rigid body is conceived of as 
one which can move about freely, while the distance between a pair 
of its points at any instant of absolute time remains invariable. 
Such a statement becomes meaningless when the notion of absolute 
time is abandoned. 


Vol. XVITI.—27 
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It may ultimately appear that one particular refer 
possesses an entirely superior character for the staten 
laws of nature, and hence we may wish to call that spa 
Likewise some one time may be preferable, in which eas 
called absolute time. Nevertheless, even if this happer 
ease, it will be well not to forget that such a part 
is in no sense a priori, but is a matter of convenience 
rived at through observed laws experimentally determin 
be seen that this broader point of view insists that t 
of events has primary significance, and that it is desirab] 
acterize it in some fashion or other in terms of a thre 
space and one-dimensional time, together constituting w 
called the four-dimensional space-time of events. 

It is idealized interstellar space which furnishes 
the new physics much as the idealized rigid body did 
In interstellar space are found vast stretches of empty 
here and there comparatively infinitesimal stars, moving 
locities relative to one another which may reach hundreds 
a second. From these bodies light spreads out with in 
exactitude in every direction, and may be measured by 1 
that eye of the astronomer, the telescope, and his cloc! 
are striving to interpret anew this world of the astronome 

In the new model there seems to be only one type of m 
quantity, namely, that of duration at any one of t 
which we propose to replace the stars and other bodies in 
stellar space, in order to idealize and simplify it to the ut: 
propose to assume also that this duration is measurable by 
of clocks at the particles, and has physical significance: 
relation of events happening at the particle. These clocks 
to be identical in structure, so that if they are brought toget 
will run at the same rate. Such clocks exist in any physi 
which has been so far proposed. 

Other particles may be at rest relatively to a given |} 
will be evidenced when a light signal always takes the sam: 
travel back and forth in the time measured on the clock of t 
particle. Three particles relatively at rest will furnish a | 


} 
} 


e p 
i} | 


angle, by which a space of reference may be set up throug 
signaling process only. The experimental rules adopted 
this will be exactly the same as for three particles at rest 
ether of the classical theory, so that a particular time of 1 
will be obtained also. 

It can now be proved that if space-time is alike in all its 
(which seems as natural and inevitable an assumption as t 
plane of Euclidean geometry is alike in all its parts) t 
reference space and time will have notably simple properties 
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In the first place any such space will be subject to exact Eu- 
lidean laws of distance, and the angles obtained by lightsignaling 


Here we obtain an optical interpretation of space akin 


methods. 
+ that demanded by Aristotle. Bodies at each instant of the chosen 
time fill a part of this space. It is found, further, that light will 
travel with one constant velocity in all directions, and other 
nastioles will travel with uniform velocity in a straight line, 
that velocity being less than that of light. It will even appear that 
the relative velocities of two particles is the same in the system of 
reference of either. 

All the assumptions hitherto used are granted either in the 
classical or relativistic theory, and so it would seem that there is 
no denying the correctness of the logical analysis of the model pre- 
sented by interstellar space, as far as we have proceeded with it. 

The characteristic hypothesis of the theory of relativity now 
enters. Up to this point there has been a perfect parity between all 
the particles in interstellar space, and as far as that model is con- 
cerned it seems as inevitable to assume that this parity is complete 
as it does to assume that all points are on a parity in the Euclidean 
plane. The hypothesis of relativity merely asserts the parity to be 
complete. 

It is desirable to be more specific. If a particle B is moving 
relatively to the reference particle A, it is not hard to show that 
the apparent rate of B’s clock measured in A’s own reference space 
and time will vary in general with B’s apparent velocity. It is 
necessary to emphasize the fact that the rate of B’s clock so meas- 
ured can not be in general the same as the rate of the clock at A 
even in the classical theory, since in that theory it will only be the 
same if the reference particle A happens to be absolutely at rest. 

The characteristic assumption may now be stated in the more 
specific terms: The apparent rate of B’s clock in A’s space and time 
depends in exactly the same way on the relative velocity of B what- 
ever particle A is. 

It is even sufficient to demand that when direct visual observa- 
tion of the rate of B’s clock is made at A, its rate is the same as that 
of A’s clock as observed visually at B, at least if A and B approach 
one another or recede in the same straight line. 

When stated in this form the truth of relativity almost takes 
on a philosophic necessity. Imagine an interstellar space contain- 
ing only two particles which are approaching each other. Why 
should not the relation between them be entirely symmetrical 9 

Now the space-time was highly idealized in that only point 
particles were assumed to be present. As a matter of fact such 
matter will always have spatial extension. If the spirit of the char- 
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acteristic hypothesis of relativity is to be maintain 
assumed that undisturbed elastic matter at rest in 
space will always have the same size and shape, i. 

and forth signaling time between any pair of points of s 
will be the same under all circumstances. It follows 
measurement by superposition of undisturbed elastic | 
be employed. This substantiates more fully the claim ; 
concerning the role of geometry in relativity. Of ¢ 
experience the conditions are not met exactly, but 
culty is presented whatever theory is adopted. 

A more careful examination of the consequences 
pothesis of relativity shows that the respective times ar 
appertaining to any two reference bodies are the sam: 
if they are relatively at rest. If they are moving slow] 
to one another in comparison with the velocity of light 
ences between their respective spaces and times 
minute, and altogether beyond the range of observat 
conditions which usually obtain. Nevertheless, dit 
found to exist, which justifies the caution which en} 
assuming an absolute time. It must be emphasized that t 
spaces and times are effectively interrelated, so that 
longer be thought of by itself. 

It is unreasonable to expect any very obvious relati 
between two different systems of space and time refer 
obvious how latitude and longitude on the earth would b 
if the magnetic pole were used instead of the north pol 

Thus the facts observed in everyday experience ar 
counted for by the theory of relativity as by the class 
of space and time, while the former is superior in that 
the futility of any experiment, like that of Michelson, 
to determine the absolute motion of any particle in 





space. 

The theory outlined above is the special theory 
formulated by Einstein in 1905. The formulation t 
count of gravitation, and yet it is possible to formulaté 
law of gravitation in harmony with that theory. Einstein's 
theory of relativity of 1915 accounted for gravitation e 
completely and profoundly. 

It is often thought that there is something inconsist¢ 
the special theory of Einstein. This is a mistaken p: 
In fact the theory of relativity, like Euclidean geometr) 
plete theory which may or may not be exactly appli 
physical world in which we live. It is a self-consistent 
in any case, and the proof of its self-consistency is no mor 
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mu thon that of elementary geometry. The self-consistency of geom- 
ny refer, try js usually assumed without question because geometrical rela 
’ t A bad 





that th tions are approximately realized in experience but that circum- 
E Such ; ance alone is not sufficient to make it rigorously self-consistent. 
S that direc cimilarly, if we are willing to take the analysis of interstellar space 
bodies ; which certainly has physical existence) as proceeding intuitionally 
made ea along the lines indicated above, we will not require a proof of self- 
rse in act consistency. If we refuse to accept this approach, an argument 
© same dif may be made of the purely arithmetic type available in geometry. 
In our own world in which the relative velocities of bodies are 
; Ol t very small when compared with that of light, nearly all the spaces 
3 and space; and times are substantially identical. It may be conjectured that 
if and the laws of nature are such that, although relative velocities were 
ly relativ high in the remote past, they have tended to diminish. Thus the 
t, the diffe; low relative velocities now found may be accounted for. It is nat- 
e extremely ural, notwithstanding, to look upon the situation just alluded 
nm under t to as an argument against relativity from the very standpoint of 
erences at convenience so much insisted on hitherto, for it is certainly con- 
ned us from venient to define some particular space and time with respect to 
the various which all the stars are in slow motion. The reply to this argument 
time can is merely that it is in no way indicated exactly what space and time 
are to be taken as absolute. 
ion to exist Thus the new point of view takes its start in the grandiose inter- 
ence. Is it stellar space of the astronomer, in which particles are in motion 
be modi relative to one another, and light waves pass to and fro. The local 
e? clock and telescope are the only instruments of precision. If the 
as well a parity of these particles be granted as a most reasonable hypothesis, 
sical theor the relativity of both space and time to the particular particle flows 
it explains with the same inexorable necessity as prevails in the Euclidean 
n, designed geometry. 
interstellar The situation is akin to that presented by the lines of symmetry 
in a closed oval. If the oval is circular, there are nfinitely many 
F relativit lines of symmetry passing through the center of the circle, and each 
0k 1 is as valid as any other. The relativity of nature resides in a similar 
relativist symmetry of natural law for various systems of spatio-temporal 
n’s general measurement. Ifa point on the circle is marked, there will be only 
even mot one line of symmetry which will pass through the marked point. 
This is analogous to the fact that a specification of the reference 
tent about body fixes the space and time completely. 
t 0 
, Is at 
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THE JOSEPH LEIDY CENTENARY 


JOSEPH LEIDY’S INFLUENCE ON SCIENcp 
By Dr. EDWARD S. MORSE 


SALEM, MASSACHUSETTS 


It was with some hesitation that I accepted the 
your committee to prepare an address on the subject 
Leidy’s influence on the science of his time. It is tru 
probably one of the oldest members of your academy, b 
to me that a member nearer home and consequently m 
with Leidy’s life and work would have been better ch: 

When Joseph Leidy began his studies there were onl; 
ters of scientific study in this country, and these two « 
Philadelphia and Boston. In these two centers wer 
organizations that in a way paralleled each other. P 
had its Academy of Natural Sciences and Boston had its § 
Natural History; Philadelphia had its American P 
Society and Boston had its American Academy of Art 
ences. The American Academy was organized in 1780 
after the Philosophical Society, and both had among 1 
the immortal Philadelphian and Bostonian, Benjami 
who was the founder of the Philosophical Society. 

In the transactions of these societies the memoirs a1 
cations were of a similar nature. There were, it is tr 
students of science in other parts of the country, but d 
ties and museums there were few or none. In scientific w 
delphia antedated Boston by nearly a century. The labor 
men, John and William Bartram, easily marked Philade]) 
pioneer city in scientific work. Linnaeus corresponde: 
Bartram and pronounced him the greatest modern botanist 
world. John Bartram is described by his son William 
modest and gentle manners, frank, quiet and of great g 
It would seem from this characterization that the mant] 
Bartram had descended on Joseph Leidy. It was in t 
about Philadelphia that the Bartrams had roamed and s 
it was over this same region that Leidy found the mate! 


; 


work in its woods, fields and ditches. 

Leidy was a naturalist in the broadest sense and his scie! 
tributions to the number of hundreds embraced the wid 
parative anatomy, zoology, botany, paleontology and mineral 


1 Papers read at the Academy of Natural Science of Philadelph 
ber 6, 1923, to celebrate the centenary of the birth of Joseph Lei 
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e last century throughout the entire range of the animal and 
olant kingdom the country was rich in undescribed species. To the 
young naturalist the fascination of discovering and describing new 
species Was over'w helming and some there are who have never out- 
srown this lust. W hat wonder that the zoologists and botanists of 
that era devoted their energies to the work of detecting and defining 
new forms. Agassiz used to say that the species described typified 
the mason who supplied the bricks for the edifice, an important 
work to be accomplished but followed by the same disaster if done 
improperly. With the growing scarcity of undescribed species the 
same kind of mental energy is now-a-days concentrated on defining 
new genera, and this tendency is becoming so accentuated that one 
may predict with certainty that ultimately every species will have 
‘ts own generic name, and in print accompanied by an appalling 
synonymy. As the curious rules of nomenclature permit of more 
than one specific name we shall soon have—but enough of this. 
Joseph Leidy, in the midst of this greed and rush for new species, 
steadily pursued his researches on the habits and anatomical details 
of creatures embracing the entire animal kingdom from the lowest 
rhizopod to the highest mammal. He described the new species and 
genera as they naturally revealed themselves in the course of his 
investigations, but this work was subsidiary to his greater studies. 
One stands amazed at the wide range of his observations. The di- 
versity of his work began when he was comparatively a young man. 
Others will address you on this subject, but I can not refrain from 
calling your attention to the indices of the Proceedings of this Acad- 
emy for the years of 1846, 1847 and 1848, to illustrate the breadth 
of his studies; he it was who determined that America was the an- 
cestral home of the horse. His profound knowledge of the osteology 
of mammals enabled him to identify a fragment of a fossil tooth as 
belonging to a species of rhinoceros. Naturalists and paleontolo- 
gists were skeptical as to the rhinoceros ever having lived in Amer- 
ica, yet, later, in the same region in Nebraska, by a remarkable coin- 
cidence, the fossil skull of an unmistakable rhinoceros was exhumed 
and the remains of the very tooth was found embedded in its jaw. 
That eminent zoologist, William K. Brooks, in a memoir on 
Leidy says, ‘‘He laid with the hands of a master the foundation 
for the paleontology of the reptiles and mammals of North America, 
and we know what a wonderful and instructive and world-renowned 
structure his successors have reared upon his foundation.’’ Leidy’s 
first communication to the Academy on Paleontology was in the 
year of 1848, and his last communication on the subject was in the 
year of 1888. Nearly a third of his memoirs to the number of 216 
were devoted to this subject alone, absorbing nearly forty years of 
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his life. This task would have given him the world-wide ry. 
he sustained as a great naturalist, but at intervals duriy 
digious work he found time to make investigations in 1 
and widely varied subjects in the animal and plant king 
companied by innumerable drawings of the utmost d 
refinement. At a recent celebration, in Philadelphia, 
tenary of Louis Pasteur, Dr. Robert A. Hare, in a felicit 
at the dinner given on that occasion, pointed out a number 
ing parallelisms in the lives of Leidy and Pasteur. It was 
a high honor to sustain resemblances to this immortal a 
one who knows the history of these great men realizes 1 
and accuracy of these comparisons. 

Leidy’s memoir entitled ‘‘Flora and fauna within 
mals,’’ accepted in 1851 by the Smithsonian Institution 
lished in its transactions, contains a long introductory « 
which is discussed questions of the origin of life, spontan 
eration, years in advance of Pasteur and Darwin and ant 
many of their conclusions. 

In an address given by Dr. Henry C. Chapman, at th 
of the statue of Leidy, in Philadelphia, in 1907, he quotes 
memoir by Leidy, in 1853, written six years before the ay 
of Darwin’s great work on the origin of species, and says. ‘‘ \\ 
it may be asked, can there be found in the whole range o 
literature a more concise record of the origin of life, the « 
of species, the survival of the fittest, in a word, of Darwi: 

I remember attending a stated meeting of this acaden 
fifty years ago. Leidy and other naturalists were present a! 
charming atmosphere and genial discussions reminded me « 
meetings of the Boston Society of Natural History at 
period: an identical group of kindly men, the amiable dis: 
without a tinge of acrimony remains a lasting impression. Tl: 
of Gilbert White have long since vanished. Have we also | 
stage typified by Leidy, Conrad, Lea, Haldeman, Meehan, M 
Allen and others of like character? Toa young collector of 1 
history objects it must have been an inspiration to attend 
meetings and to realize that scholarly men were soberly dis: 
the habits of a common worm, or the structure of a beetle’s 
To see spectacled gentlemen seriously admiring little shell 
pasteboard tray, to appreciate how a well-written label added 
nity to a trifle; to further realize that the little collection of nat 
history objects which they had brought together and for thi 
lecting of which they had been laughed at or sneered at by unsyn 
thetic neighbors were regarded by those men with interest 
respect. Alas! these blissful days have passed. I know by my 
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experience that the collectors’ interests have vastly changed since 
those days. In the middle of the Jast century private collections of 
shells and other objects of natural history were not uncommon. 
The spirit of collection still survives, but other classes of objects 
claim its attention—postage stamps, coins, book-plates, ete., are 
deemed worthy of accumulation. The same tendencies are recog- 
nized in England. An eminent English authority in a report to the 
Liverpool Free Museum laments that ‘‘private collections are fail- 
‘ng in Liverpool and all around, and teaching is hard and harden- 
ing in its results.’’ 

Leidy’s profound range of knowledge, coupled with his willing- 
ness to answer inquiries, made him eagerly sought for, and crystals, 
precious stones, flowers, fossil forms and all kinds of animals were 
submitted to him for identification. It was the personal contact of 
a great master with students of every branch of natural history in 
which Leidy’s influence on the science of his time exerted its great- 
est effect; questions answered, difficult attributions explained, ob- 
secure points made clear, all with a generosity of time, a kindliness 
of heart that left grateful and lasting impressions on the student. 
As a young man I marveled at the delicacy of his drawings, par- 
ticularly his drawings made under the microscope, especially those 
depicting the anatomy of the terrestrial mollusks of the United 
States. He used a peculiar enameled paper, of which he gave me a 
number of sheets, and a metallic pencil. His gentle and cordial 
manner won my heart at once, and I went back home greatly en- 
couraged in my studies by this simple interview. His broad and 
unprejudiced attitude was well shown in an incident which occurred 
at the meeting of the American Association for the Advancement of 
Science, at Troy, New York, in 1871. At this meeting I gave my 
views as to the systematic position of the brachiopods, endeavoring 
to show that these animals had no relation to the branch of mol- 
lusea with which they had always been associated, but that their 
affinities were with the class of worms. Leidy was at this meeting, 
but not a word in protest was expressed by him in contradicting 
these views; not that he agreed with me, for he did not, but, as I 
believe, from mere kindness of heart he refrained from combatting 
my heresies publicly. After the meeting, however, he came to me 
and quietly protested my views. I remember very clearly he urged 
me to save what little reputation I might have acquired as a student 
of mollusea by warning me to be sure of my ground before publish- 
Ing. I confessed to him that perhaps I had not made myself clear 
in my extemporary remarks on the subject, but when he had seen 
my memoir with its illustrations and arguments it might possibly 
modify his views. Some months after in acknowledgment of my 
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pamphlet I got the following note from Leidy. ‘‘] 
ished reading the little book you so kindly sent me on th C 
atic Position of the Brachiopods.’ These, I think, you 
proved not to be true mollusks and to be more nearly; 
worms. It is singular how long mere outward resemb] 
us and how reluctant we become to be undeceived.’’ 

Dr. Amos Binney, of Boston, published a work in t 
on the ‘‘ Terrestrial Air-breathing Mollusks of the United s 
All the species then known were illustrated by steel « 
by a Philadelphia artist. It was for this work that Dr. L 
a study of the anatomical structure of many species and 
ings illustrating these details for delicacy and beaut 
been equaled. Ten years before this work appeared Dr. S. S} 
Haldeman, a member of this academy, published a m 
the ‘‘ Air-breathing Fresh Water Mollusks of the United s 
illustrated with colored steel engravings, so perfect 
racy and beauty they have never been surpassed. Of the & 
figured half of them had been discovered and named | 
Say, a Philadelphian. Dr. Binney regarded Thomas S 
earliest scientific naturalist that this country had pr 
Binney was a Bostonian with all the proverbial prid 
He dedicated his great work in the following words: 


To the Academy of Natural Sciences of Philadelphia, to 1 


is due the first effective impulse given to the study of natura 


America, and whose labors have been mainly instrumental 
natural history of this country. 
It is interesting to note that Dr. Binney’s son, William | 


ney, inherited the tastes of his father and continued 
investigations with the greatest success; it is further int 
observe that young Binney gravitated to Germantown, n: 
delphia, where he pursued his studies to the end of his lit 
he found as his associates, Lea, Conrad, Haldeman, Tryo1 
distinguished students of mollusea, all members of this 
Superadded to all these advantages he had access to t 
collection of shells—one of the greatest in the world, ai 
eharge of Dr. Henry A. Pilsbry, one of our most distil 
malacologists. 

In a preparation of this brief address it has been diffi 
frain from trenching on the grounds of others who hon 
their presence; in truth, the ground is broad enough for 
was necessary to understand the transcendent merits of this 
and world-famed naturalist in order to realize the proiou! 
ence he must have exerted on his colleagues in this center 0! 
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“be Just { tific culture. A standard was set by Leidy in every department of 
the “System. aatanel science and however feebly this standard may have been 
nave attained by some, an insensible pressure must have been continually 
elated to exerted by the work of this great man in their midst. Philadelphia 
nate undoubtedly owes to-day its supremacy in natural science and th 
exalted character of its scientific institution to the work and ex 

wee Volum ample of this distinguished scholar. 

ted Q a 
— 


ee LEIDY’S ZOOLOGICAL WORK 


. rn By Professor H. S. JENNINGS 

o THE JOHNS HOPKINS UNIVERSITY 

nog? 

ed St So many-sided was Leidy’s work, even in the single field of 
it for zoology, that whoever examines it must be skeptical of the adequacy 
© 86 specie of his own impressions. And particularly will he be skeptical as to 
by Thomas the adequacy of any brief unified presentation, such as it falls to 
San as 1 my lot to attempt. The most I can hope is to illuminate a few of 
es the many facets which his work presents. 


Leidy seems to have attempted and carried out to a remarkable 
degree of success the bold project of forming for himself and com 
munieating partly to others, a detailed picture of the entire living 
bse founders world in its natural relations to the environment. His zoological 
work is part of that effort. We find from him contributions on 
almost every one of the main groups of animals; and touching most 
aspects of their biology. The subjects of his published communi 
m (. Bip. cations range from man and the other vertebrates down through the 
insects, arachnids, crustacea, annelids, rotifera, flatworms, nema 
todes, tapeworms, bryozoa, mollusca, echinoderms, coelenterates and 


ar Phil sponges, to the lowest of the protozoa; and they deal with the struc 
fo. Hen ture, habits, reproduction, distribution and general biological rela- 
sell athens tions of these creatures. 


In his youth, we are told, Leidy’s aptitudes were such that his 
ee father designed him for the career of an artist (though this design 
) now i was overruled by the family court of last resort). In this fact 
lies, I believe, the key to an understanding of many features of his 


ngulsi 

work in science. His work is largely a portrayal of nature as seen 
alt to re- by a thorough scientific artist. It is artistic in spirit, not merely 
_ superficially, in the beautiful figures with which he illustrated it, 
ll, but it but in its essential nature. His manifold contributions, of which 
hum between 500 and 600 are listed, may be compared to the studies 
od info. from nature by a painter, ranging from the quick sketches in a 
f scien- few strokes, represented by his hundreds of brief communications 


to the Proceedings of the Academy of Natural Sciences of Phila- 
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delphia, through pictures of all grades of working out 
great and finished masterpieces as the volume on the ‘‘ Fr 
Rhizopods.’’ All are mainly pictures of nature, not 
treatises. To him biology was not, as it now is to so mar ’ 
a series of problems to be solved as it was a continent 
plored, a landscape to be portrayed. There is little of ex) 
or statistical or conceptual analysis in his work; it eont 
hypotheses or generalizations. Where such are mentione 
not as a rule looked upon as part of the material for inv 
not as matters to be tested by analysis of his data; he rar 
from his observations conclusions concerning them. His 
portrayal of nature as he saw it, and no one else in A) 
made for himself so uniformly worked out a picture o 
of organisms. 

Now, of course, this means a scientific picture, wit] 
implies of minute study of details, and of portrayal of t] 
in correct relations; his work was as far as possible 
sionistic. And the comparison with the work of the ar 
course not be pressed too far. Leidy had, too, the insti 
sapabilities of the analyst, the experimenter, the general 
some of his earliest work, as we shall see, the products « 
stincts are conspicuous; but in his later zoological wor! 
largely absent; and for a brief characterization, that as 1 
tific artist of nature is, on the whole, one that helps 

For his completer pictures in zoology he chose thos 
organisms which came naturally to hand. Living in P|! 
these were chiefly the inhabitants of the fresh-water 
streams. Contributions there are, and important ones, 
vertebrates of the land, of the air and of the seashore; o1 
organisms and on marine animals; but of life in the fres 


his pictures are most numerous and detailed. 

Outside of that field, however, lie his first really wor! 
pictures, the paper on the parasites of the termites, and 
‘*A Flora and Fauna within Living Animals,’’ published 
Both are captivating examples of zoological landscape 
illustrated with the beautiful figures so characteristic 
But it is in the latter paper that the young author shows his | 
ural bent toward experimentation and toward generalizat 
an introductory section on the ‘‘laws of life in general,’’ h 
tions experiments which he had carried out on spontaneous ge! 
tion; on endosmosis, and on the effects of ingesting infuso! 
bacteria. In the latter he tried on himself the somewhat | 
experiment of swallowing water containing, as he says ‘‘ 
Vibrio, Euglena, Volvox, Leucophrys, Paramecium, V: 
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ete..”’ but with no detectable consequences. It was in this paper, 
too, that he gave, six years before the publication of Darwin’s 
Origin of Species, his famous statement of the doctrine of evolution, 
of his belief in the origin of the organic from the inorganic and of 
the general course which he conceived the development of the ani 
mal world to have followed. This striking statement should per 
haps be quoted in any general characterization of Leidy’s zoolog- 
ical work. He says: 

An attentive study of geology proves that there was a time when no liv 
ng bodies existed on the earth. ... Living beings, characterized by a peculiar 
structure and series of phenomena, appeared upon earth at a definite though 
very remote period. Composed of the same ultimate elements which constitute 
t e earth, they originated in the pre-existing materials of their structure 
The study of the earth’s crust teaches us tha very many species of plants and 
animals became extinct at successive periods, while other races originated to 
occupy their places. This probably was the result in many cases of a change 
in exterior conditions incompatible with the life of a certain species, and favor 
able to the primitive production of others. . . . Probably every species has a 
definite course to run in consequence of a general law; an origin, an increase, 
a point of culmination, a decline and an extinction. 


Such statements, made in 1853, bring again to realization what 
we sometimes forget, that what Darwin did was not to propound 
a new idea, but to give overwhelming evidence in favor of a theory 
that was familiar to all intelligent students and that was held by 
many of them. In his later works Leidy largely restrained himself 
from any tendency to generalize; one wonders whether from con 
scious principle, as from something cheap and easy. Experimenta- 
tion also becomes infrequent, though it does oceur. One suspects 
that if Leidy had lived in the period when biology became more 
analytical, he might have become another Driesch or Morgan. 

Other detailed portrayals of nature are found in his work on 
the anatomy of the terrestrial gastropods, in Binney’s Terrestrial 
Mollusca; and in his papers on Urnatella, on Belostoma, on the 
walking-stick, on Corydalus, on marine sponges. 

But for zoologists his great masterpiece is the volume ‘‘ The 
Fresh-Water Rhizopods of North America’’; some consideration 
of this will bring out the characteristics of his zoological work. In 
general, scientific books and papers are among the most evanescent 
products of human activity. The advance of knowledge soon ren- 
ders them out of date; they continue to live only in that they have 
supplied nutrition to their successors. But such a work as Leidy’s 
‘*Rhizopods’’ brings to realization the fact that perhaps the most 
permanent form of scientific literature lies in a full and accurate 
portrayal of some part of nature, without analyses of problematical 
matters, without hypotheses or generalizations. Generalizations 
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soon become inadequate; experimental and statistical a) 


superseded or become useless when once the conclusions 




































they bear have been established or disproved. But 
account of a group of organisms in its relations to the rest 
is like an adequate description of anatomy, or like the w 
of some of the constants of nature, like the computation 
of logarithms—of each of these we can say that when 
done; it need not be done again. This seems the ease \ it 
**Rhizopods’’; it is a section of nature permanently 

us. From the first it was, and it will remain, a delig 
to acquaintance with these strange and beautiful creat 
sum up in miniature the riddles of life. The student wit 
scope, a pond and Leidy’s ‘‘Rhizopods’’ need envy th 
of no man in the world. And thousands of students 


this happy situation; no other influence has been so potent 
moting acquaintance with the natural history of thes 
animals. Even without the pond and the microscope, th: 
for its illustrations, a delight to the artistic eye. But mu 
than all this; although zoology has become more analyt 


} 


Leidy, such a portrayal of nature is not left behind; 
only the more valuable. It presents to us with direct viv 
problems which nature sets, and it becomes a quarry o 

for work on those problems. The fundamental questions « 
—the problems of metabolism, of movement and behavi 
velopment, of reproduction, of heredity—come sharply t 
on the activities of the protoplasmic substance; here many 
are directing their efforts. But conclusions in general b 
general physiology are often vitiated by the narrowness of t 
on which they rest. A phenomenon is studied minutely in 
organism, and the conclusions drawable are held to be gene 
of nature; whereas they are often but special peculiarities of 
particular creature. Nowhere is this common error mor 
fallen into than in connection with the lowest organisms, as | 
to my cost. 

Protoplasmie movement, for example, is indeed s! 
Amoeba of the proteus type; and here zoologists usually st 
and draw conclusions concerning it. But Leidy will show 
occurring in many other naked protoplasmic masses dif 
greatly from Amoeba proteus; in Amoebae with tough skins 
unchanging forms and rolling motion; in Dinamoeba, with its s 
ingly permanent outer layer studded with projecting points; 
gossamer-like branching and net-forming Biomyzxa vagans 
compared to Amoeba proteus seems almost as simple as 
Amoeba proteus compared to an insect. I still recall the fe 
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analyses ar we which this organism gave me the only time my microscope came 
nS On whieh | ross it, while following Leidy as a guide. Amoeba proteus when 
thoy : jequately studied doubtless does contain the secret of protoplasmic 
St of) motion, just as the flower in the crannied wall contains all the 
Working-oy <perets of God and man. But its outward manifestations of that 
MOF a tabl sotion may be gross and specialized peculiarities; I personally be- 
is done ‘tis i ve that they are. The student of that subject could not do better 
ith Leidy’s than take Leidy as his guide; study minutely protoplasmic motion 
| in the extremely diverse types which he presents; in the various 
ntful guid species fitted for the study of special points. Only so is there a 
——" chance to distinguish special peculiarities from general laws of pro- 
th a micro. toplasmie movement. 
’ Pleasw This is typical of the situation with respect to other biological 
ve been j questions; with respect to nutritional problems, to the conditions of 
ent in pro. existence, to developmental and genetic problems. The student who 
lowest tries to keep alive and to cultivate the various creatures of Leidy’s 
Volume is pages finds the different ones so narrowly dependent upon particu- 
huch mor lar nutritional conditions, and on other conditions that he becomes 
tical sin skeptical of general nutritional laws based upon the study of one or 
t becomes two kinds of animals. In relation to genetic processes and prob- 
idness th lems, Leidy’s work is particularly alive and suggestive. He pr 
materials sents us in unrivaled figures and descriptions a vast assortment of 
of biolog, different forms, exemplifying every degree of diversity. He classi- 
OF, ol a fies these, he distinguishes individual differences, varieties, species, 
» & pom genera, families, orders. What do these things mean genetically? 
" Students Leidy tells us that in these creatures he believes that ‘‘no absolute 
ogy an distinctions of species and genera exist’’: that he finds the species 
- the bas ‘“‘by intermediate forms or varieties merging into one another.”’ 
vetoes In his accounts of particular species, he often emphasizes that they 
eral laws do thus merge by intermediate forms into others: also that within 
S of that the single species or variety there are great variations of structure. 
re easil} What is the observational or experimental content, potential or 
+3 ines actual, of these propositions? Does the ‘‘merging into one an- 
other’’ of two species mean that the individuals of one may and do 
own j produce at reproduction individuals of the other? If not, what 
study it does it mean? Are the individual diversities, are the so-called dif- 
t to you ferent varieties, to be found among the descendants of a single indi- 
liffering vidual? Or are such diversities hereditary ; permanent throughout 
almost the generations? Or may there be a process of gradual change, 
mie so that only after many generations may one variety be obtained 
oe from the other; or only after many generations may one break into 
» Whi several? What part does the environment play in all this? 
age These questions press upon us in studying Leidy, as they do 


eling of when we study nature, but, like nature, he gives us no answers to 
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them. All may be attacked by simple and direct methods 
tive answers may be obtained ; for most of the questions ] 
of time are not required. The animals must be dealt wit 
ally, cultivated individually, their pedigrees kept fron 
to generation, as we do with rats; they must be handled 
rabbits. This can be done—it has been done for a few 
ganisms—but only sufficiently to open up a vista of 
future work. Some of the individual diversities wit] 
it is found, have no hereditary basis—a parent of one ty 
offspring of another—the environment may play a larg 
termining which shall occur. But this is held betwe 
limits; and other individual diversities within a species 
nent and handed on from generation to generation. E 
contains numerous slightly but permanently differing str 
so-called varieties do not produce one the other, and 
of one so-called species do not produce individuals 
The merging into one another of which Leidy speaks 
not an experimental, a genetic, concept. Yet by long 
breeding for many generations, single strains are seen t 
differentiate into slightly diverse ones, strains whose 
thereafter inherited from generation to generation. How 
this go? We do not know; as yet one ‘ 
has not been produced from another; nor even perhaps one ‘‘¢ 
variety. I fear that we are still in the situation which Li 
marized in 1853 when he said that ‘‘No one has ever bi 
demonstrate the transmutation of one species into anot 
for species which he described as merging into one another 
Such work and other work must be carried out and gr 
tended for all the different types which he describes. Th: 
ent methods of reproduction must be determined; we k: 
nothing of their sexual processes or in most cases whet 
exist. The nature and results of their seemingly inchoat 
fect form of conjugation must be discovered; the details « 
cytological processes worked out. Until all these are carr 
to some level of attainment, the significance of the obser 


along the other lines must remain uncertain. For all this res 
hl, 


+ 


*species’’ of the s) 


Leidy’s work is a mine of suggestions and an indispens: 
Many other of Leidy’s contributions are similarly bas 
suggestive. 

But these examples must serve for many. In th: 
available I have attempted only to emphasize and illust! 
vitality of such work as Leidy’s. In spite of the fact tl 
little in the way of analysis and generalization, that it ans’ 
general questions—perhaps indeed in virtue of that 
takes somewhat of the inexhaustibleness of nature. 
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: rest Survey, into attempting to learn what we were ¢ 
ble gu country, and that went further to personal ecomn 
has 1 And after we had been in the Fort B: 
summer of 1877 and made a large collect ( ~ 
yrief tir rge part of our graduate year—1877 to 1875 0 
trate 1 ection, and we were constantly running to Philadelp| 
at it d , \cademy, to see Leidy ’s types, to compare our mate} ial 
swers t which he had deseribed and named, and to ask advice 
it elp. And though we were mere tyros, beginners 
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| begin what I 


sor WILLIAM B. SCOTT 


paleontologist, L think you would he 


t least a part of it, which I received som: 
bald Geikie, secretary of the Geological So 


many years director of the 


Cit ologvie; i 


In asking me to represent the Geologi 


Wi ich | have the honor to be 


part of the Geological So ty I 
nvited to send a delegate t t! t 
vit the commemoratio! t t 
Natural Sciences of Philad 
[ am desired to write you and t 
g our representative at the Jos ( 
riting of this letter reminds 
+ anv frie lly lett s that ss t 
sentat his family at t ebra 
W ally I ] l dk . t t 
1 loved? 
st W es tor you 1eait 
Vi 
be pardoned, I hope, for continuing a mon 


ear at Princeton 


we know them too well 


ready for the first of the 


ur hope was to get into the Fort Bridger « 


XVITT. 


28 


personal note which this letter strikes 


I ought to eall him 


a ime mie I 


pose, but it is difficult to speak respect full) 


] . 
iar 


spent 


expeditions 


That immediately brought us int 
monograph, published a little while befor 


Osho 


have to sav on the subiect 
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significant, he was invariably as kind and considerat« 
ful and as lavish in the gift of his time as t 1g 


not ing ‘ lse TO do. | look baek to Those earl ve 


my professional career after having been in Englai 
man and had come back to resume my WOrk at P) 


tantly coming to see him, constantly referring 


constanth 
for his consideration. Always, invariably, I got the } 
and it was in such a contrast with the attitude of 1 
other distinguished men of science of that d 


‘standoffish,’’ many of them—they held you at ar 
would tell you just as little as they could. I remen 
very prominent paleontologist whether there wi 
grounds at a certain region in Kansas. ‘‘ Well, 
were before I got there.’’ That was all the satis 
out of him. Leidy wasn’t a bit like that. W 

it you asked him for it. And he had that sweetness 
of pe rsonality that is so attractive when united wit 
have known a few great men in my life and, wit 
they have been men of extraordinary simplicity) 

or graces—without any ‘‘side,’’ as our English « 
Huxley was another like that, only, living in Lond 
protect himself more than Leidy did here, because 
a fence between himself and the public, he would 
for his work. 

That is the note I want to leave with you, nam 
treme simplicity of character, of kindliness, of hel] 
ing that his time belonged to any one who asked 
of that asking were not mere frivolity, but honest 

Now it is a curious thing that both in Great Br 


United States the medical profession was until wi 


teenth eentury in fact the latter third of it the 
to the study of zoology and paleontology. In E1 
greatest names in vertebrate paleontology that imm 
out to any one who knows anything of the subject 


Huxley. Both of them studied medicine. Huxley beg 


as a ship surgeon and made a long voyage in a na\ 
was as significant for his future as was the voyage 0 
observations that he made on that voyage made 
Also, he did high class paleontological work. 

Owen did perhaps more than any other man whi 
English in the volume and variety of the work whic] 
in vertebrate paleontology. He, too, began as a stud 
eine, and his father-in-law, Dr. Cliffe, induced him 
euratorship of the Museum of the Royal College of 
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mm which he gained that amazi 
itomy which made him a natur 
treasures which began to pour 
of the nineteenth century, from v: 
ere collected not only in Great Bri 
1 sent to Owen tor description I 
intry All our early paleontolog 
eretore no mere eolneid nee ti 
in this country, other than t! 
vas in Philadelphia. The first o 
tar. whose name is held in such 
ty yet, and the Wistar Institute is 
there was Dr. Harlan; then came 
same thing was true. The two nat 
nt in New York were Dr. Samuel L 
all-round person, and, I may say 
vith his family, perhaps the most « 
{merican continent. He translated 
’ and he said he did it at the request o! 
e says, ‘‘remarked to me on one oceasio! 
the country able to do it’’—and he 
He thought it was enough. ‘* But, 
Jefferson.’ 
nuel Mitchill was senator from New York 


guished physician and also one of the « 


in the description not only 
a of the state 


mes deKay | hope he d dn t 


elt—I wrote just the other day 
own, beeause the gentleman who ga 
udience; he is Dr. John M. Clar! 
ntendent of the Geological Surve Vv ol 
I wrote him the other day and : 
e just showered information on mé 
d charge of the botany and the zoolk 
Survey, was also a physician and deK: 
[ think, who ever deseribed an Americ 
enough, Leidy fell into the tradit 
that way, his interests were that wa) 
es Lyell, the founder of modern geolog 
sited Leidy and told him: ‘‘Stick 
r with medicine. Stick to paleont 
re.’” Well, Leidy didn’t take his ad\ 


tions of those days it wouldn’t have 
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do So. because, like most ot us, he had his living 


could not have been made in tl Ost days by paleont i 


l 


Throughout his life, Leidy primarily was interest 
anatomy and he remained, almost to his death, pr 
anatomy in the Medieal School of the | niversity 0 
but he felt always that man was only one of the vast 
animated beings. He told me onee, laughing in 
his. of a student who came to him after a leeturs 
vou don’t really mean, protessor, that man is 
Leidy answered, ‘‘ Do you think he is a vegetabl I 
extended his work, as we have been told this mor 
sible directions. Everything that lived had a fas 
and he wanted to learn not only its exterior app: 
habits, but he wished to know its structure, and 
unintentionally, he fitted himself to become the 
brate paleontology, which he was 

Now I eould, of course, go on for a week 
just had the courage and patience to stay and liste 
a lot of technical details, but I have not the slightest 
anything of the sort. It is Leidy’s early histo 
point out to you, and I think this audience, whic! 
of paleontologists entirely, is more interested in thi 
Leidy had in the development of this subject In wl 
become supreme, especially in the vertebrates 
world. All such things have their explanation and 
American supremacy in vertebrate paleontology s 
vast material which this continent possesses Mo 
has been lately getting over into Asia and finding 
treasures there, and the expeditions which have just « 
China have brought us incredible and delightful 
of you heard of them in the newspapers. They 
saur eggs. I hope the museum won’t make any atten 
those eggs, for it would be a misfortune to have dinos 
again. We are well rid of them. 

Leidy’s first publications in vertebrate paleontolog 
certain bones found in a eave near Natchez, Mississ 
thought at first that these were human bones, becaus« 
and for a long time afterward every bone was humai 
a man who went through the southwest with a masto 
that he had mounted like a man, on two legs. The to) 
was gone, so he restored the skull with a piece of r: 
human skull and exhibited it from town to town as the 
a giant. And he had a trunk full of certificates fro 
good practice that those were human bones 
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yes that were found in the cay 


out to be bones of a curious 2 
te that it was on the ground 
The animal was deseribed 
1805. or, that is. he 
s Transactions appeared in 
tten about 1797, and in it 
sloth was that of a gigan 
The resemblance is quite clos 
mateur He didn’t pret nd to he 
that is full of interest from mat 


t my time does not permit me 


the giant ox tribe attracted Leid) 
blished a monograph on that. He published 
es that were found in various parts 0 

are never found north of Texas 
hose surface things naturally came to him, but 


is greatest reputation rests, I think, are the n 


Oo 


Tertiary deposits of the Far West, n 


we have come to eall the White River format 


ise in those days Nebraska occupied all tha 
neluding the present Dakotas and Kansas 
‘that uninhabited region 
the vear 1849, I think it was, Dr. Jo 
White River specimens and sent them to D1 
g year, an undergraduate of Princeto1 
was afflicted with tubereulosis. had been ord 
vsician, and he was advised by Professor B 
stant secretary of the Smithsonian Institut: 
e White River country and collect fossils 
lv, because Leidy is the only person in the 
g with them.’’ Leidy published a num be ! 
ssils and then, in the year 1853, he gathered 
illustrated with the most beautiful lit 
that have ever been issued in any public 
were made by a Swiss artist, Sonrel, and 
their beauty of execution. Still more compreher 
work published by the academy here in the year 1869 
ose works form the starting point, really, of our knowledge of th 
te River fauna, and we have been collecting there ever sine 
ditions go into the White River eountrv everv season. I 
ve have done very little except to fill in the sketch whic! 
} 
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He was the first man to show, for instane 
were native horses in America, and, as we were tol 
the first American rhinoceroses. He found Si 


} 


e 11ne o 


+ 4 
| 


ean camels, and it was shown that 
in America 

My time is running out and I want to say just 
words. Next followed his work on the Bridger for 


+ 


beds of southwest Wyoming, and in the year 1877 


visit to those Bad Lands and wrote a mos vid di 
Bridger Basin. It shows what a geologist was lost 
had the opportunity to turn to that kind of won H 


lished the first of the works on | pper Cretaceous ri 
tana and the Upper Cretaceous fauna of the Atlantic | 
is mounted in the museum of this academy the first 
ton that was ever put together in America. Ther 
tural restoration and the head—in fact, as put up by 
house Hawkins, an English scientific man, not so ver’ 
known more for beirig artistice—the head is entirely ¢ 
it is the first time an attempt to put a dinosaur toget 
made and it is Leidy’s dinosaur, deseribed and nam: 
the Cretaceous of New Jersey. So, you see, he laid 
the foundation upon which the great structure of A) 
brate paleontology has been erected. Why did he g 
There were two different reasons. Thi vy were bot 
them he didn’t care to speak about much in public 
whose hairs are gray or whose heads are devoid of | 
ber the bitter quarrel that existed—a feud—betwi 
Marsh and Professor Cope. They succeeded Leidy 
extent and they hated one another with the most « 
Both were rich men, and so they diverted the str 
from Leidy. As Leidy told Geike, he said, ‘‘! ha 
out because when anybody used to find a fossil tl 
it to me and I got it for nothing. Now to-day Cop 
money for such things and I can’t compete with th 
and so I have got to get out.’’ That is true enoug! 
reason. There was another reason which I don’t 1 
pressed in public, but he did express it to me, and | 
to many other people. He said, ‘‘I can’t stand this fig 
gusts me and I am going to drop Paleontology and 
more to do with it because of the way Marsh and Cx 
other’s wool all the time.’’ And yet he couldn't stop 
the last work of his life was done in describing not o1 


from the phosphate beds of South Carolina. but late? ST 
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THE JOSEPH LEIDY 


did in Florida. And itis a vel 


the first things he describe 
was the saber-toothed eat. tige) 
two feet high. and one of t 


s to deseribe the termination « 


in the Pliocene 


s is a most inadequate skete 
see that vou can not put a quart 
eribe a great character in fifteen 1 


ou the impression that Le id s 


* 


ich all subsequent American vert 
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SCIENCE SERVI 


What syster 


body ol ours? 

MICAL hy, 
rule, such as 
MESSENGERS th aaiines 


the equal powel 


eations, such as is now reg 


here the superior cells and org: 


say, no system of human 


ches the organization of the 


The millions of cells, the hund 
with their infinitely varied powers 
ms activity for the good ot 
ooperation which man has 


organism, the state. 


the 


not vet 


e conscious ego can not claim to be 
hiel he ealls his body. He is 


ministe! 


the 
not eve 


He has a certain control over 


rtment of the interior is mostly he vol d his i! 
ess to keep the body out of fights with others tl 


he heart or a punch in the stomach, but 
4 ] 


essential 


Fo 


tunections as keeping the heart » 


important as the mind may tl 
third of the twenty-four hours 
rgetiuiness at any time. It is not the bra 
orpuscles whenever an army of microbes 

the outer wall. Sight is not sl 
the brain suspected an invasion 
{ corpuscles and dispateh them to the 
these millions of living cells in brain o1 
ipphied 


with food, water and air, 1 
and how fast they are growing 


e body has to be kept constant no matte! 
varm, 


arp enoug 


if ould 


am 


and the ashes must not be 1 t 


allowed 


ould think that such a marvelously « 


ependent activities would require 
1 « 


1 government. 


; ‘ 
Sirk 


But, on the contrary, the « 
such, has little or nothing to say about mos 


sses. The orders to an organ come from bel 
stance, 1f an over-worked muscle needs mo) 

headquarters, but sends orders direct t 
the pumping. 


If a gang of structural 
phosphate they do not bother the boss about 
straight to the supply department to import s 


these multifarious messages could be carried 
being solved. 


There are two 


WAVS OT 1ntTeré 


ust as there are in the outside world, telegrap! 
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e nothing travels 


naterial message, tl! 
be sent by the nerves, 
recently been discovered 
ot intercommunication by 
through the blood, like letters 
, pointed out the importance ol these 
which is Greek fo1 
1 discovered and some of 
ms OL transmitting orde? 
For instance, a mat 
of the nerves, “] 
from the nose, “I smel 
pour into the mouth and the gastric 
the first stages of digestion. 


Sometime later when the stomach has finish 


digestive fluids have to be in readiness These 


separate organs, the pancreas, the liver and th 
these have to be notified to get busy as soot? 
of the stomach. 

In this case the message is conveyed by a 
which within two minutes after it has been sent 
the three organs to preparing their particular dig 

If we get angry or seared, the body has to be 
paredness for fight or flight, whichever the high 
But either will require an extra supply of energy, 
without waiting for special orders from headquar 
messenger to the heart to pump harder and to th 
sugar into the blood so that no muscle shall be 
emergency. 

How the sugar is handled depends on anotnel 
“insulin” which has lately been prepared in a forn 
diabetics whose pancreas does not work well. 

Still more recently comes the announcement of the « 
and extremely powerful form of “pituitrin,” the secreti 


cant pituitary body, that controls the kidneys and cap 


“ 


The chemist is now able to make “thyroxin,” whicl 
thyroid glands, and a minute daily dose of this ma) 
effect “the conversion of a stunted, pot bellied, slaver 
pretty, attractive child.” 

It is these chemical messengers which in infinitesimal 
whether we shall be tall or short, dark or fair, handso 
or sluggish, alert or stupid, cheerful or melancholy, and 
chemist to learn how to make them, or perhaps simila1 
greater potency so that he can aequire absolute contr 
of the human body. 


Learning is a tool Its 


THE USE . 
is done with it. Give a jack-] 
AND MISUSE he may whittle wood or eut | 
OF EDUCATION The knife is neutral. Much of elk 
tion must be mere ly formal, the 
children. The three R’s are nothing in themselves The 


keys to the knowledge of good and evil. Whether th 
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to the student depends o1 


¢ books may make a mai 
qualify him for torgery and le: 


a ship’s load can not be calculated 


rk. The value of an education deper 
vo than on the capacity of the cran 
tion test nor an intelligence test ea 
he worth to the world 
} 


peating these hackneyed observat 
rainst the alphabet, but I an } 
iteracy is always a bad thing, but 
rtunity does not insure progress 
stone re jolced over the opening up 
tions because they naturally and 
d of Christianity. On the contrary, 
Mohammedanism, their most tormidab 
ence teachers merely teach their stude 
and fail to train them in the scientifi 
intellectual aims of science defeated by 
nting press eontributes to the spread oft supers 
as well as to the spread of science. The nev 
ll astrology more often than a lesson in astron mi 
gazines fiction vastly outweighs fact By means 
argument for a flat earth is broadeasted from Zion Cit 
l 
main object of education in a demo racy 1s not to tea 
» vote right, but to train them how to think right 
rnment, in an autocracy no less than in a d 
er lies in the people, and it is their individua 
ded by their personal beliefs, that determines whe 
nee, stagnate or retrograde. 


Polities is not yet a science and there are many 


e result. In science there is only one truth but 


ods. A problem has a single solution. An unwisé 
tical question may bring a temporary calamity upor 


nna 
munG 


popular opinion on a scientific question may 


oarace. It would not have mattered much it 


a had passed the bill fixing a fictitious value ot 


ve made lots of trouble if the engineers and mathematicial 
d adopted the wrong figure. The fate of the nation d pends less 


e people cast their ballots than on how they combine their chromosom: 


Now that the kids or 
familiarly about vacuum = tub 
STATE OF streams, and not me! 


THE FOURTH 


MATTER playing with them, 
back the pages of 
gs were new, and nobody in the world 
man and he but dimly. 
do not have to turn back very far, on! 
es exhibited the vacuum tubes that were 
He found that when he exhausted th 


rey 


n a glass tube and then passed an 
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poles stuck through the ola 


nole oI eathode a curious kind of a 


eathode disk it was for a space darl 

heam of bluish light and where this struck the 
made a greenish glowing spot on the ¢! 

arv light he proved by holding a magnet 
oe was curved out of its course by the magnet 

ed in any direction, instead of going 


opstinatse 


light ray does in a vacuum. 
experiments with the “Crookes’ tubes” a1 
wed the scientists. Eve rvybody admired Crookes’ s 
vondered how he got a little windmill inside 
King of England wondered how the appl 


| 


fot 
Crookes claimed that he had in his tubes 

1 a new kind of radiation and a connecting 
ergy his scientifie colleagues were skeptical. They 
00 far, had become a monomaniac on the subvec - hac 


I matter, a 
solid, liquid and gaseous. To have a fourth state the 
nd the very name oft 


on the brain. There were only three states o 


“atom” meant something that 
[his man Crookes never had a university education am 
he son of a tailor, and he said he had seen spirits in the s 
ltogether 1t Was a bit cheeky ot him to bring torward suel 
such empty evidence as a vacuum tube 
But Crookes always had the courage ot 
ase proved himself a true prophet Two passag 
addresses in the “Life of Sir William Crookes” by 
published, will show how astonishingly he anticipated the vi 
twentieth century : 
“The phenomena in those exhausted tubes 
ew world—a world where matte 


puscular theory of light holds 


lOvE 


revea 
exists in a tourtl 
good, and wher 

in a straight line; but where we can never enter, 
ust be content to observe and experiment from the outs 
“Tn studying this fourth state of matter we seem 


thin our grasp and obedient to our control th 


little nel 


vhich with good warrant are supposed to constitute the phy 


the universe. We have seen that in som 


s as material as this table, whilst 
the character of radiant 
nd 


A 


Oot its propertie 
in other properties 
energy. W e have 


actuall 
where matter and force seem to merge 


into one 

ealm between known and unknown, which for me has 

temptations. I venture to think that th great 
future will find their 


, it 
eC, 1 


solution in this borde 


seems to me, lie ultimate realities, subtle, 


Yet all these were, when no Mar 


Yet have from wisest Ages hidd 


And later Times things more unknow 
Why then should witlesse Man so 
That nothing is, but that which he 


We now know that the cathode ray of Crookes is, 
ot vibratory, for it consists of a stream of 
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ENTRANCE HALL, BAKER LABORATORY 


sible particles” that “constitute the physical 
d they do indeed belong to the borderland of 
atoms ol electricity and sub-atoms ot matter 
they change their motion, and where free-flyi 
tter they start a stream of energy in the torm 
“X-rays.” If Crookes had only happened to 
ler opposite the green spot where his cathode r: 
ave anti ‘ipated Roentgen in the discove 
vears. 
as glory enough for one man to hav 
e sealed tube even though he failed to 
Sir William Crookes, Londoners can 
d he foretold the means and method 


S92, five vears betore Marconi sent 


= : The two chief 
THE 
and reproductio 
FERTILITY tiplication of living 
VITAMIN tood. But what 
tion that is being ¢ 


ts on man and lower animals carried out und 


reds of investigators during the last quarter centu 
first thing found out was that there were four ma 
proteins, such as the casein of milk, (2) carbol 
starch, (3) fats and (4) certain mineral salts, 
hen these four food factors were prepared chemical] 
together they were found not to form a complet 
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? 


mals fed on it failed to grow, ¢ 
} 


disease Evidently there was a lack ot son 


as a puzzle, tor whatever they might be th« 
ture tor the chemist to extract, and too minutes 
They have been named the “vitamins” and di 


the letters of the alphabet. Although nobody 
know pretty well which foods contain them 
anting. They are defined negatively, as salt 
“Salt is what makes potatoes taste bad 


‘'t have Vitamin A you are like 


bov 
vou dor 


r : | you don’t have Vitamin B you are 


+ 


lon’t have Vitamin C you are likely to 


aon 
Vitamin D you are likely to get rickets 
With the tour main food factors in purifie« 


pretty well identified, the investigators coul 


diet on which animals, white rats being us 


as those that were ted on natural food. The 
as any, and lived as long; but they failed 
of the ratty race. Their offspring were fé 
never, which is contrary to the custom in rat 
cvators, instead of accusing the rats of race sui 


ing might be a deficienc \ disease, so they set thems 


vitamin. And they have found it, or at leas ( 
is one. Herbert M. Evans and Katharine Seott B 


f California, and Barnett Sure, of the Univers 


Ol 
ried on experiments leading to the same cone] 
It is found, r instanee, that on 


protein, cornstarch To! carbohydrate, lar 


salts, with the addition of a little butter for 
juice for C, and cod-liver oil for D, the r: 


but they failed in fertility. Increasing th 


its constituents did not remove the deficie: 
le lettuee or nice, even the poll 


reproduce Four suecessive generations hav 
svntheti diet 
It is interesting to reeall that rice, which had 


these experiments, has a high reputation in the Uri 
ot te , survives in our ! 


rtility. This significanes 
and we often see on a depot plattorm a bridal part 


couple with rice in spite of their attempts to evad 


to contain this anti-sterility factor are vellow corn, 
pod meal, dried alfalfa, field pea seedlings, egg 
It is missing from milk. 


Evans and Bishop have found that the m: 
affected by the lack of this substance, and they hav: 
from favorable foods by alcohol and ether. Whe 
to the “pure food” diet on which the rats were ste 


of reproduction. These investigators call the subst: 
his rays, “Vitamin X,” but Professor Sure propos 


alphabet and class it as “Vitamin E.” 





